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Executive Summary

Duke Energy Carolinas (DEC) engaged Cadmus, along with NORESCO and BuildingMetrics (the evaluation
team), to perform an impact evaluation of the Smart Saver® Custom Incentive Program (Custom
Program). The team evaluated 374 program participant applications that were paid an incentive from
January 2014 through December 2015.

The evaluation team performed the impact analysis by conducting site measurement and verification
(M&V) for a sample of 29 program participant applications. We calculated average electric energy
savings and demand reduction realization rates for sampled applications. We used the realization rates
to extrapolate the M&YV results to the entire population of participants.

The team conducted verification site visits in three phases. TecMarket Works (along with NORESCO and
BuildingMetrics) completed phase 1 site visits and prepared M&YV reports for eight program participant
applications in the winter of 2014. In March 2015, the contract was transferred to Cadmus. Cadmus
completed phase 2 site visits at 11 projects during the winter of 2016, and phase 3 site visits at 10
projects during the summer of 2016. This report describes the results of the evaluation based on
combined verification efforts.

Impact Evaluation Results

Table 1 shows the program’s expected energy savings (those claimed prior to applying the realization
rate from the previous Evaluation, Measurement, and Verification study), evaluated gross and net
energy savings by project type.

Table 1. Total Program Expected, Evaluated Gross, and Net Energy Savings by Project Type

. .. Gross Net
. Population Expected Realization Net-to-Gross
Project Type . Evaluated . Evaluated
Size** kWh Impact Rate* Ratio

kWh Impact kWh Impact
HVAC 41 59,740,357 59% 35,377,874 88% 31,132,529
Lighting 300 75,226,538 100% 74,888,145 93% 69,645,975
Process 36 35,500,097 77% 27,237,074 73% 19,883,064
Total*** 377 170,466,992 81% 137,503,094 88% 120,661,569

* Expected impact multiplied by the realization rate will not equal gross evaluated savings due to rounding.
** The total number of applications evaluated is 374. However, three applications included multiple project

types.
*** The row values may not add up to the totals due to rounding.

Table 2 and Table 3 show the expected, evaluated gross, net non-coincident peak (NCP, average annual
demand reduction) and summer coincident peak (CP, the average summer peak demand reduction in
July, Monday through Friday, 4:00 p.m. to 5:00 p.m.) demand reductions for the program.
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Table 2. Total Program Expected, Evaluated Gross, and Net NCP Demand Reduction by Project Type

Project Population | Expected NCP | Realization | Gross Evaluated Net-to- Net Evaluated
Type Size* kW Impact Rate** NCP kW Impact | Gross Ratio | NCP kW Impact

HVAC 11,327 57% 6,452 88% 5,678
Lighting 300 9,167 87% 8,020 93% 7,459
Process 36 5,052 94% 4,748 73% 3,466
Total*** 376 25,546 75% 19,220 86% 16,603

* 376 of the 377 projects in the population had expected non-coincident peak demand reduction.
** Expected impact multiplied by the realization rate will not equal gross evaluated savings due to rounding.
*** The row values may not add up to the totals due to rounding.

Table 3. Total Program Expected, Evaluated Gross, and Net CP Demand Reduction by Project Type

Project Population Expected CP Realization Gross Evaluated Net-to- Net Evaluated
Type Size* kW Impact Rate** CP kW Impact Gross Ratio | CP kW Impact

HVAC 5,537 85% 4,713 88% 4,148
Lighting 265 11,897 103% 12,303 93% 11,442
Process 36 4,738 96% 4,533 73% 3,309
Total*** 340 22,172 97% 21,550 88% 18,899

* 340 of the 377 projects in the population had expected coincident peak demand reduction.
** Expected impact multiplied by the realization rate will not equal gross evaluated savings due to rounding.
*** The row values may not add up to the totals due to rounding.

Evaluation Parameters

Table 4 lists the parameters reviewed in this evaluation.

Table 4. Evaluated Parameters with Value, Units, and Achieved Precision and Confidence

Evaluated Parameter Gross Realization Rates | Confidence/Precision

Energy Saving (kWh) 81% 90%/+9%
Non-Coincident Peak Demand Reduction (kW) 75% 90%/+21%
Coincident Peak Demand Reduction (kW) 97% 90%/+16%

Table 5 lists the sample periods and dates during which the team conducted evaluation activities. We
selected the verification samples based on expected project contribution to program energy savings to
meet the targeted relative precision of +15% at a 90% confidence level.

iii
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Table 5. Sample Period Start and End and Dates Evaluation Activities Were Conducted

Evaluation Dates
Component Sample Period* Total
Phase Conducted .

2
3

Site Visits (TecMarket Works) January 2014 —June 2014 September 2014
Site Visits (Cadmus) January 2014 — June 2015 January 2016 11
Site Visits (Cadmus) January 2014 — December 2015 July 2016 10

* The sample period is based on the date the incentive was paid to the customer, as recorded in DEC’s database.

Impact Evaluation Findings
The evaluation team identified the following key findings through this evaluation.

The overall energy realization rate across all projects was 81%.

Lighting projects achieved the highest energy savings as compared to program estimates
(realization rate of 100%), whereas HVAC projects achieved the lowest energy savings as
compared to program estimates (realization rate of 59%). Industrial process projects had a 77%
energy saving realization rate.

Lighting projects contributed 54% of the total evaluated program energy savings. In general, the
discrepancies between expected and verified savings resulted from lower verified hours of use.

HVAC projects contributed 26% of the total evaluated program savings. In general, control
strategies that were suboptimal or not fully implemented contributed to low realization rates.
Additionally, the evaluated loads were less than those projected in the program application
saving calculations.

Process projects generated 20% of the evaluated program savings. Though most process
projects performed as expected, one large project had a 53% energy realization rate. The
evaluation team’s review revealed that the installed air compressors were not as efficient as
expected in the application saving calculations.

Twelve percent of the evaluated program savings are associated with freeriders. Spillover was
not included in the scope of the evaluation as it was expected to be minimal. Therefore, the
program net-to-gross ratio is 88%.

iv
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Introduction and Purpose of Study

Description of Program

Through the Custom Program, DEC provides incentives for its nonresidential customers who purchase
high-efficiency equipment. The program design is intended to complement the Smart Saver Prescriptive
Incentive Program (Prescriptive Program), through which DEC offers incentives on preselected
measures. Customers who want to purchase measures that are not eligible for the Prescriptive Program
may apply for a rebate through the Custom Program. Custom Program participants must calculate their
proposed measures’ energy savings and include their estimate on the Custom Program application. DEC
provides incentives to approved applicants based on a review of these calculations.

Table 6 lists the number of participants in the evaluation period, which includes program participant
applications that were paid an incentive between January 2014 and December 2015. A total of 374
applications were paid during the evaluation period. Three applications included measures in both the
lighting and HVAC categories. Since the evaluated energy savings and demand reduction are broken out
by technology, these three applications are counted twice in the total shown here.

Table 6. Custom Program Impact Evaluation Participant Application Count

Project Type Number of Participant Applications in Evaluation Period

HVAC 41
Lighting 300
Process 36
Total 377

Figure 1 shows the breakdown of expected energy savings by project type in the program tracking
database for the evaluation period. As a category, lighting projects were reported to have the greatest
savings, followed by HVAC projects.
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Figure 1. Expected Energy Savings by Project Type

Process, 21%

HVAC, 35%

Lighting, 44%
n= 170,466,992 kWh

Summary of the Evaluation

For the impact evaluation, the team conducted a tracking system review, sample design and selection,
engineering review of Custom Program applications, field M&V of selected projects, data analysis, and
reporting.

Evaluation Objectives

The goal of the impact evaluation was to verify energy savings and calculate energy and demand
realization rates for a sample of participants in each project type: lighting, HVAC, and process. The
evaluation team estimated program-wide savings by applying the average realization rates to the
evaluation period population by project type.

Researchable Issues
The evaluation team researched the following issues to complete this study:

e Energy, coincident peak, and non-coincident peak demand reduction for each sampled
participant

2zl Jo 01 ebed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2/eN 8102 - 3114 ATTVOINOYLO3 13

e Causes for differences between evaluated savings and expected savings
e Energy and demand realization rates for each participant

e Average energy and demand realization rates for lighting, HVAC, and process participants, along
with the associated confidence intervals
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Methodology

Overview of the Evaluation Approach

Data Collection Methods, Sample Sizes, and Sampling Methodology

The evaluation team assigned participant applications to lighting, HVAC, and process categories. We
then stratified all three categories by size and selected participants in each stratum either randomly (for
smaller sites) or based on the magnitude of energy savings.

The evaluation team conducted M&V site visits at all sampled HVAC (n=6), lighting (n=16), and process
(n=7) projects.

Study Methodology

The evaluation team prepared M&YV plans for site visits following the options outlined by the
International Performance Measurement and Verification Protocol (IPMVP).! We followed IPMVP
Option A for all but two of the site M&V plans, which followed Option D. IPMVP Option A evaluates
savings based on field measurement of key performance parameters, such as air compressor demand.
The evaluation team estimates parameters that cannot be measured or are not selected for field
measurement based on historical data, manufacturer’s specifications, or engineering judgment. IPMVP
Option D evaluated savings are determined through energy model simulations of the whole facility. The
model must be calibrated to reflect actual energy use in the facility based on utility data. Option D is
most useful when evaluating savings from interactive building systems.

We conducted site visits to verify measures, install metering equipment, and perform interviews about
the pre-retrofit equipment and hours of operation with the site contacts. We used metered data or
inputs collected on site to calculate evaluated energy savings and engineering analysis and statistical
regression modeling for estimating demand reductions.

Number of Completes and Sample Disposition for Each Data Collection Effort

The evaluation team attempted to contact 32 program applicants. One program participant was
concerned with the impact of site visits on business operations, one did not respond, and one agreed to
be an alternate site. The team completed verifications of 29 projects across the three project types.

Expected and Achieved Precision
The evaluation team designed the sample to achieve 90% confidence with £15% precision for the energy
savings overall. The impact evaluation did not have a targeted precision for demand reduction.

Four of the 29 sampled projects were excluded from the energy saving realization rate and precision
calculations as outliers: In one sampled project, DEC had calculated the savings using an incorrect

1 International Performance Measurement and Verification Protocol. Concepts and Options for Determining

Energy and Water Savings. Volume 1. January 2012. EVO 10000 — 1:2012. www.evo-world.org.
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baseline. Another sampled project was removed from the realization rate calculations due to insufficient
data to calculate savings. Two other projects were statistical outliers among the sampled projects with
realization rates that were either too high or too low.? We achieved 90% confidence with +9% precision
for energy saving based on the projects included in the energy saving realization rate calculations.

Description of Baseline Assumptions, Methods, and Data Sources

The evaluation team used the pre-retrofit equipment as a baseline for the saving calculations. We
collected data on baseline equipment from the program incentive application documents and verified
the equipment through interviews with the site contact or vendor. We used the post-retrofit schedules
or industrial/occupancy demand to develop a pre-retrofit performance assessment equivalent to the
post-retrofit conditions.

Use of Technical Reference Manual Values

We used primary data collection, engineering analysis, building energy simulation modeling, and linear
regression modeling to calculate evaluated savings. To calculate savings for the sampled lighting
participants, we used the saving algorithm outlined in the Indiana Technical Reference Manual for
Lighting Systems (Non-Controls) (Early Replacement, Retrofit),® along with the energy and demand
waste heat factors calculated in an earlier study of the Smart Saver Nonresidential Prescriptive Incentive
Program.* We used the hours of operation data collected on site to estimate the peak demand
coincidence factors.

Sample Design

Based on the categories identified in the DEC program tracking database, we grouped the participant
applications into similar project types (lighting, HVAC, and process) to provide better accuracy in the
overall program results for each category. We separated each technology category into energy savings
size-based strata. The definitions for each of the savings size-based strata are provided in Table 7.

Statistical outliers are those projects that have realization rates more than two standard deviations above or
less than two standards deviations below the statistical mean realization rate for all projects.

Cadmus. Indiana Technical Reference Manual Version 2.2. Prepared for the Indiana Demand Side Management
Coordination Committee EM&V Subcommittee. July 28, 2015.

TecMarket Works. Process and Impact Evaluation of the Non-Residential Smart Saver® Prescriptive Program in
the Carolina System: Lighting and Occupancy Sensors. April 2013.
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Table 7. Stratum Definition Based on Expected Energy Savings
“Grow | swaum | kwhsings> |

3,000,000
0
2,000,000
490,000
0
2,000,000
0

HVAC

Lighting

Process

N P W NN P NP

We calculated the required sample size to meet our desired precision using the following equation,
which incorporates the finite population correction:

n= [Z * C—V 2 * N-n
P N-1
Where:
n = Total sample size required
z = 7z statistic (1.645 at 90% confidence)
cv = Coefficient of variation (defined as the mean divided by the standard
deviation)

P = Desired precision
N = Population size

We allocated samples to each stratum using Neyman’s Allocation, illustrated below:

Nk * CVk * kth

2zl Jo g ebed - 3-g/-8102 # 194000 - OSdOS - WV GL:01 Z U2I1eN 8102 - 3114 ATTVOINOYHLO3 13

n, =nx*
k S Ny, * CVj * kWhy,
Where:
Nk = Total sample size required for stratum k
CVi = Coefficient of variation for stratum k
kWhy = Total expected savings for stratum k
Sample Status

The evaluation team pulled three sets of sampled applications, one for each phase. The original
evaluation plan included projections for the number of program participants and expected energy
savings during the evaluation period. The original evaluation sampling plan used an energy realization

Docket No. 2018-XXX-E
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rate coefficient of variation for each technology type from a 2012 Custom Program evaluation in Ohio.>
The team used data from the original evaluation plan and the 2012 Ohio Custom Program evaluation to
determine the number of applications required to meet the targeted relative precision of +15% at a 90%
confidence level. The team pulled 19 applications for phases 1 and 2, based on this sampling plan.

Prior to selecting the remaining 10 sampled applications for phase 3, Cadmus revised the original
sampling plan to incorporate the final number of program participants and expected energy savings
during the evaluation period, along with the energy realization rate error ratios resulting from phase 1
and 2 verifications. We then selected the phase 3 verification sample in the lighting and HVAC strata
that required additional sample points according to the updated sampling plan.

Table 8 summarizes the recommended and final phase 3 sample count based on Cadmus’ update to the
original sampling plan.

Table 8. Recommended and Achieved Sample Sizes Based on Phase 3 Sampling Plan Update
Phase 1 and 2

Total X Total
Total Sampled Phase 3 Final .
. Recommended L. Evaluation
Participants i Application | Sample Count
Sample Size Sample Count
Count
HVAC 1 32,334,294  0.06 6 1 2 - 2
HVAC 2 27,406,066  0.50 35 5 1 3 4
Lighting 1 = 20,453,249  0.08 5 1 3 - 3
Lighting2 = 27,447,709  0.97 31 8 2 6
Lighting 3 = 27,325,580 0.17 264 12 4 7
Process1 = 21,080,433 0.22 5 1 2 - 2
Process 2 | 14,419,662  0.25 31 2 5 - 5
Total 170,466,993 377 30 19 10 29

5 TecMarket Works. Final Report Evaluation of the 2009 — 2011 Smart Saver Non-Residential Custom Incentive
Program in Ohio. Prepared for Duke Energy. September 2012.
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Impact Evaluation Activities

This section includes a description of the review, M&V, and impact calculation activities performed for
the selected sample of projects as part of this evaluation.

Documents Review

For all the sampled projects, the evaluation team performed a detailed review of program application
documents, which included incentive applications, measure savings input and outputs from DSMore,®
and supporting documentation or clarifications provided by the customer. We reviewed each
application to gain an understanding of the measures included and the expected savings. We collected
customer and contractor contact information, then decided on an appropriate M&V approach.

The DEC business relations manager or the key account managers associated with each sampled site
contacted customers to secure their participation in the evaluation. Once they had established contact
with the customer, the evaluation team followed up with the customer via phone calls and e-mails to
gain additional information about the facility, installed measures, and operating schedule and
procedures. We scheduled the site visits directly with the site contact.

Measurement and Verification Plan Development

The evaluation team developed an M&V plan for all 29 of the program participant applications we
verified via site visits and metering. NORESCO developed M&V plans for phase 1 (as a subcontractor to
TecMarket Works) and for phase 2 (as a subcontractor to Cadmus). Cadmus reviewed phase 2 plans and
developed phase 3 M&V plans.

Each M&V plan covered the following topic areas:

e Introduction: a description of the project and the measures installed, including sufficient detail
to understand the M&YV project scope and methodology, proposed and DEC expected savings by
measure, a list of M&YV priorities for measures within the project, and baseline assumptions.

e Goals and objectives: a list of the overall goals and objectives of each M&V activity.
e Site location and contacts: the names, phone, email and address of site contacts.

e MA&YV option: a description of the IPMVP M&V Option appropriate for participant saving
verification. We used Option A or Option D for each of the 29 projects verified on site.

e Field data points and survey plan: a list of specific field data points collected through the M&V
plan, which included a combination of survey data, one-time measurements, and time series
data collected from data loggers installed for the project or trend data collected from the site
energy management system.

DEC uses Demand Side Management Option Risk Evaluator (DSMore), a financial analysis tool, to estimate the
costs, benefits, and risks associated with the Custom Program.

Docket No. 2018-XXX-E

2zl Jo G| ebed - 3-g/-8102 # 194000 - OSdOS - WV GL:01 Z U2IeN 8102 - 3114 ATTVOINOYLO3 13



Rider 10 Exhibit 5F
Page 16 of 392

CADMUS

e Data accuracy: a list of meter and sensor accuracy for each field measurement point.

e Recording and data exchange format: specific values such as kWh savings, coincident and non-
coincident kW savings, and therm savings and a list of raw and processed data to be supplied at
the conclusion of the study.

o Verification and quality control: A list of steps taken to validate the accuracy and completeness
of the raw field data.

From the M&YV plans, the evaluation team created reports for each sampled project (provided in
Appendix F. Site Measurement and Verification Reports — Full Customer Detail), which included the
following additional topics:

e Data analysis: a list of the engineering methods and/or equations used to calculate the verified
savings and a list of the data sources, which were either measured or stipulated values from
secondary data sources.

e Conclusion: A summary of findings and the final realization rates, including an explanation for
verified savings deviations from expected savings.

Measurement and Verification

Metering equipment included a combination of portable data acquisition equipment capable of
measuring current and motor status, cellular data loggers capable of transmitting data remotely, true
electric power meters, and trend logs from facility control systems. We also interviewed site personnel
during meter installation, and configured the metering equipment to collect data for three weeks.
Where available, we collected trend logs for one month or more.

Of the 29 sites metered, the evaluation team did not meter three HVAC projects that had permanent
power meters on all controlled equipment. These were a data center, a hospital, and a large
manufacturing facility. The participants’ power meters recorded equipment-level demand (i.e.,
individual chiller, rooftop unit (RTU), and pumps). The evaluation team visited these sites (similar to
others) to record equipment make and model, ensure that the trending periods were set up according
to our verification schedules and requirements, and to review the sequence of operation with facility
personnel.

2zl Jo 9| ebed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2I1eN 8102 - 3114 ATTVOINOYLO3 13

For one lighting site, a meat processing plant, we could not install metering equipment due to
operational requirements: the areas where lighting retrofits were installed were sprayed down for
cleaning daily. Therefore, we inspected the lighting fixture data during our site visit and verified
operation hours of use with the site contact.

At one process site, the voltage serving the equipment as listed in the application was greater than
480 volts, which is the maximum voltage we can meter. The evaluation team used the site’s power
meter, which collected M&V trend data points for the equipment included in the application.
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This information is summarized in Table 15 in Appendix C. Sampled Participant Calculation Summary.
Appendix F. Site Measurement and Verification Reports — Full Customer Detail describes the specific
instrumentation used at each site.

Measurement and Verification Calculations

The evaluation team collected post-retrofit metered and trend data for the 29 verification site visit
projects. The team analyzed the data according to the M&V plan developed for each project, except
where on-site findings required changes to the original metering plan; for example, we could not install
logging equipment due to high-voltage or operational limitations. To conduct data analysis, we
compared the original application calculations to post-retrofit monitored data that we extrapolated to
annual consumption and demand using simple engineering models or linear regression techniques (as
described in the M&YV plans).

Appendix C. Sampled Participant Calculation Summary provides a detailed list of all the projects where
we conducted on-site visits and metering. This appendix includes a summary of the M&V plan approach,
measurements taken, duration of measurement, and the calculations and analysis techniques used to
estimate final impact savings and demand reduction results.

Appendix F. Site Measurement and Verification Reports — Full Customer Detail contains detailed site
M&YV calculations for each project.

Freeridership Calculations
[Redacted]

Table 9 shows the evaluated savings-weighted freeridership scores for 377 projects, along with the
original calculated scores, by project type. The projects exhibited 12% freeridership overall across all
project types. Spillover questions are not included in the program application. We did not calculate
spillover for this program and assumed it to be 0%. We used the following net-to-gross calculation:

Net_to_Gross = 100% — Freeridership + Spillover = 100% — 12% + 0% = 88%

Table 9. Custom Program Net-to-Gross Ratio

. Number of Applicants with Energy Savings Weighted .
Project type . . . . Net-to-Gross Ratio
Calculated Freeridership Score Freeridership Score

HVAC 41 12% 88%

Lighting 300 7% 93%

Process 36 27% 73%

Total 377 12% 88%
9
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Impact Evaluation Results

This section provides the evaluation results, which includes annual energy, coincident peak and non-
coincident peak demand reductions, and realization rates for each participant.

Annual Savings

Table 10 summarizes annual savings and realization rates (RR) calculated by project type for the
evaluation period.

Table 10. Average Annual Gross Savings Realization Rate by Project Type

. Energy Savings (kWh) NCP Savings (kW) CP Savings (kW)
Project
Evaluate
Type Evaluated Expected d Expected Evaluated | Expected

HVAC 35,377,874 59,740,357 59% 6,452 11,327 57% 4,713 5,537 85%
Lighting 74,888,145 75,226,538 100% 8,020 9,167 87% 12,303 11,897 | 103%
Process 27,237,074 35,500,097 77% 4,748 5,052 94% 4,533 4,738 96%
Total 137,503,094 170,466,992 81% 19,220 25,546 75% 21,550 22,172 97%

The evaluation achieved £9% relative precision at the 90% confidence interval for the energy saving
realization rate analysis. We excluded a total of four applications from the energy realization rate
analysis:

e Two lighting applications had very low and very high energy realization rates (-11% and 234%)
indicating that they were outliers.”

e For another lighting application, our evaluated baseline was starkly different from the baseline
DEC used in the application saving calculations. The project was part of a major retrofit to
change the space usage from a fabric weaving space to a furniture warehouse. The evaluation
team excluded this application due to the exceptional circumstances that affected its energy
saving and demand reduction realization rates.

o We excluded one HVAC application sampled due to insufficient data available to calculate

2zl Jo 8| ebed - 3-g/-810¢ # 194000 - OSdOS - WV G1:01 Z U2I1eN 8102 - 3114 ATTVOINOYLO3 13

verified savings.

The evaluation achieved £21% relative precision at the 90% confidence interval for the non-coincident
peak demand reduction realization rate analysis. We excluded four applications from the non-coincident
peak realization rate analysis:

e One lighting application had a very high (918%) non-coincident peak demand reduction
realization rate indicating that it was an outlier.

7 Statistical outliers are those projects that have realization rates more than two standard deviations above or

less than two standards deviations below the statistical mean realization rate for all projects.
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o We excluded one lighting application sampled from the demand reduction realization rate
analysis (similar to the energy saving realization rate analysis), due to the exceptional
circumstances that affected its energy saving and demand reduction realization rates.

e One HVAC application was excluded since we attributed its very low non-coincident peak
demand reduction realization rate (1%) to a clerical error in DEC’s recording of the expected
reduction.

e We did not have sufficient data for another HVAC application sampled to calculate verified
savings.

The evaluation achieved £16% relative precision at the 90% confidence interval for the coincident peak
demand reduction realization rate analysis. We excluded three applications from the coincident peak
demand reduction calculations:

e One HVAC application had a very high realization rate (222%), which indicated it was an outlier.

o We excluded one lighting application sampled from the demand reduction realization rate
analysis (similar to the energy saving realization rate analysis), since our evaluated baseline was
starkly different from the baseline DEC used in the application saving calculations.

e We did not have sufficient data for one HVAC application sampled to calculate verified savings.

Two other lighting applications sampled had no expected coincident peak demand reduction.

Table 11 through Table 13 list the estimated precision for energy, non-coincident peak demand, and
coincident peak demand realization rates, respectively, at 90% confidence. We combined the planned
HVAC 1 and HVAC 2 strata into one HVAC stratum for the final realization rate calculations.

Table 11. Energy Savings Realization Rates to Achieve Sampling Precision at 90% Confidence

m Population Si Sample Size* Actual Sample Error Ratio Relative Precision

ze
HVAC 41

2zl Jo 61 9bed - 3-g/-8102 # 194000 - OSdOS - WV GL:01 Z U2I1eN 8102 - 3114 ATTVOINOYLO313

4 0.28 33%
Lighting 1 5 3 0.08 13%
Lighting 2 31 5 0.29 28%
Lighting 3 264 6 0.28 23%
Process 1 5 2 0.27 123%
Process 2 31 5 0.24 23%
Total 377 25 0.27 9%

* The evaluation team excluded four sampled applications from the precision analysis as described above.
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Table 12. Non-Coincident Peak Realization Rates to Achieve Sampling Precision at 90% Confidence

W Population Size Sample Size* Actual Sample Error Ratio Relative Precision

HVAC 4 0.31 36%
Lighting 1 25 8 0.26 18%
Lighting 2 36 3 0.08 14%
Lighting 3 239 3 3.60 606%
Process 1 22 4 0.79 93%
Process 2 14 3 0.23 39%
Total 376 25 0.60 21%

* The evaluation team excluded four sampled applications from the precision analysis as described in detail
above.

Table 13. Coincident Peak Realization Rates to Achieve Sampling Precision at 90% Confidence

W Population Size Sample Size* Actual Sample Error Ratio Relative Precision

HVAC 4 0.32 38%
Lighting 1 25 8 0.28 19%
Lighting 2 36 3 0.13 23%
Lighting 3 204 2 0.16 73%
Process 1 22 4 0.80 94%
Process 2 14 3 0.12 20%
Total 340 24 0.46 16%

* The evaluation team excluded three sampled applications from the precision analysis as described in detail
above.

Findings

Figure 2 shows the breakdown of evaluated energy savings by project type compared to expected
energy savings. Lighting projects contributed the most to the verified total program savings (54%),
followed by HVAC project (26%) and process projects (20%).

2zl 40 0z 9bed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2I/eN 8102 - 3114 ATTVOINOYLO3 13
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Figure 2. Contribution of Expected® and Evaluated** Energy Savings by Project Type

60% 54%
0% 44%
40% 359
30% 26%
21%  20%

20%
- I I

0%

HVAC Lighting Process

B Proportion of Population Expected Savings M Proportion of Population Evaluated Savings

*Expected energy savings are 170,466,992 kWh.
** Evaluated energy savings are 137,503,094 kWh.

The evaluation team’s summary of findings are provided below and described in detail in Table 17 in
Appendix D. Sampled Participant Detailed Results. The overall energy realization rate across all projects
was 81%. The team found large variations between evaluated and expected savings in all three strata.
Specific examples are provided by project type below.

HVAC

The average realization rate of HVAC projects is 59%, and these projects contributed 26% of the
program evaluated savings. These projects included HVAC controls upgrades and retrofits, installation of
variable frequency drives (VFDs), and installation of new high-performance HVAC systems.

Low realization rates were generally caused by control strategies that either did not perform as planned
or were not fully implemented. In a few cases, the team determined that the evaluated loads were less
than those originally expected in the application savings calculations. In one of the sampled applications,
submitted for a high-performance HVAC system in a new data center, the expected energy savings and
demand reduction would have been fully realized if all data center server racks were filled and the data
center had reached design capacity. However, the project’s current evaluated HVAC load (which is
directly correlated with the server rack load in the data center) is only 17% of the full design load, and
the site contact does not anticipate reaching full data center capacity for five to seven years. For this
project, the evaluation team calculated projected energy savings and demand reduction at an assumed
load growth period of seven years from the date of the evaluation. We calculated the present value
savings and demand reduction using an assumed annual discount rate of 7.09%.8 The overall projected

8 This value is the weighted average cost of capital for North Carolina cost effectiveness tests according to DEC.
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seven-year energy savings realization rate was 69% and the summer peak demand realization rate was
59%.

Lighting
Lighting projects, on average, had the highest realization rate (100%) and they contributed half of the
evaluated program savings (54%).

Variations between evaluated and expected savings were due to differences between the expected
lighting hours of use and those verified through site surveys and logging. Additionally, HVAC interactive
effects were not included in the application saving calculations.

In one application, the lighting retrofits were part of a major retrofit to change the building’s primary
functional use from fabric weaving to a furniture warehouse. The project application savings calculations
claimed savings resulting from the lighting retrofit, without taking the change in light levels into account.
The evaluation team adjusted the pre-retrofit baseline lighting energy use based on the post-retrofit
light level requirements and calculated the savings based on equivalent pre- and post-retrofit lighting
levels. This resulted in 17% energy savings, 14% coincident peak demand reduction, and 28% non-
coincident peak demand reduction realization rates. As noted previously under Annual Savings, the
team did not include this project in the program realization rate calculations.

For major retrofit projects such as this, the expected savings should account for the changes in space
usage and required light levels. The pre-retrofit baseline lighting system design lumen output in such
cases can be adjusted to match the installed lighting design lumen output. Alternatively, the baseline
lighting power density can be based on the prevalent building energy code’s lighting power density
requirement for the new space type, if the energy code is triggered by the retrofit.

Process

Process projects, on average, had a 77% energy realization rate and contributed 20% to the evaluated
program energy savings. Only one project had an energy realization rate of less than 80%. The team’s
evaluation review of this air compressor retrofit project revealed that the application savings analysis
contained a few minor errors that greatly impacted the energy use calculations. For example, the
performance datasheet submitted as part of the application did not include site-specific inputs, and the
post-retrofit installed air compressor energy performance was only slightly better than the performance
of pre-retrofit air compressors. Additionally, the pre-retrofit documentation claimed having metered
power, while the contractor had only metered the current in one of the three phases, then converted
this to power. Also, there was no permanent airflow monitoring on the pre-retrofit or installed air
compressors. It is difficult to accurately monitor airflow using a temporary meter, and it is
recommended to install a permanent monitoring station. Without the airflow load profile, the team
could not calculate the actual plant compressed air load. We based our evaluation calculations on
trended power demand provided by the site, equipment performance data, and our best engineering
judgement; this resulted in a 53% energy realization rate and 56% coincident peak demand realization
rate.

14
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Conclusions and Recommendations

The evaluation team offers the following conclusions and recommendations resulting from our Custom

Program evaluation.

Conclusion: Low realization rates caused by sub-optimal or incomplete control strategies
indicate that post-retrofit inspections or project commissioning may be effective strategies for
realizing the full energy savings available from HVAC control measures.

= Recommendation: Where possible, require post-retrofit commissioning for HVAC projects
to realize the full potential of retrofit savings.

Conclusion: Significant permanent changes in occupancy rate or space usage from the pre-
retrofit conditions need to be accounted for in the lighting saving calculation baseline.

= Recommendation: For major retrofit projects, calculate the expected savings accounting for
any changes in space usage and required light levels.

Conclusion: Projects with completion schedules or periods of load growth longer than one to
two years will not be completed in time to be evaluated.

= Recommendation: Calculate savings for projects with longer than one to two-year
completion or load growth schedules based on their present value.

Conclusion: HVAC interactive effects were not included in the application saving calculations for

lighting projects.

= Recommendation: Include HVAC interactive effects in lighting project expected saving
calculations.

Conclusion: DEC can improve the accuracy of its expected saving calculations for process
projects by ensuring that pre-retrofit energy use calculations are based on accurate power
metered data and the specific industrial process load monitoring points.

= Recommendation: Where feasible, consider using pre- and post-retrofit power
measurements and collecting coincident industrial process load data to arrive at accurate
realized savings.

= Recommendation: Require permanent airflow monitoring devices be installed on all large
(greater than 400 horsepower) compressed air system retrofits to establish accurate pre-
and post-retrofit load profiles.

15
Docket No. 2018-XXX-E

2zl Jo £z obed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2I1eN 8102 - 3114 ATTVOINOYLO3 13



CADMUS

Appendix A. Summary Form

Rider 10 Exhibit 5F
Page 24 of 392

Smart $aver Custom Incentive Program

Duke Energy Carolinas
Completed EMV Fact Sheet
2016 Evaluation — Cadmus

Program Description

The Duke Energy Smart $aver
Custom Incentive Program
supplements the Smart $aver
Prescriptive Incentive Program,
which provides prescriptive
rebates for preselected measures.
Customers wishing to install
measures not included in the
Smart $aver Prescriptive Incentive
Program list may apply for a
rebate through the Custom
Program. Participation requires a
pre-approval from the program
before measure installation.

Date February 3,
2017

Region(s) Carolinas

Evaluation Period Applications
Paid from
January 2013
through
December 2015

Gross Energy 137,503,094

Savings (kWh)

Net Coincident kW | 18,899

Impact (Summer)

Measure life Various

Net Energy 120,661,569

Savings (kWh)

Process Evaluation | Yes, reported

separately.

Previous Yes 2013

Evaluation(s)

Evaluation Methodology

The evaluation team conducted the impact
evaluation based on measurement and verification
of a sample of 29 participants in HVAC, lighting and
process project types. The evaluation team
estimated average energy saving and demand
reduction realization rates for each project category
and projected them onto the full program
participant population.

Impact Evaluation Details

The overall energy realization rate across all projects
was 81%.

Lighting projects achieved the highest energy savings
as compared to program estimates (realization rate of
100%), whereas HVAC projects achieved the lowest
energy savings as compared to program estimates
(realization rate of 59%). Industrial process projects
had a 77% energy saving realization rate.

Twelve percent of the evaluated program savings are
associated with freeriders. Spillover was not included
in the scope of the evaluation as it was expected to
be minimal. Therefore, the program net-to-gross ratio
is 88%.

Lighting participants produced 54% of total program
evaluated energy savings. HVAC and process
participants produced 26% and 20% of the total
program evaluated energy savings respectively.

550 South Church Street | Charlotte, NC 28202
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Appendix B. Required Savings Table

The DEC-required summary parameters resulting from this evaluation are provided in Table 14.

Table 14. DEC-Required Program Evaluation Summary

|__MeasureName | __GrosskWhRR | NCPkWRR CP kW RR Effective Useful Life

Custom 81% 75% 97% Custom 88%
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Table 15 includes a summary of the evaluation team’s M&V approach, measurements taken, and calculations performed for each M&V

participant sampled for this evaluation.

Table 15. Measurement and Verification and Impact Calculation Approach Summary

. Project M&YV Plan Monitoring .
Participant Measurements Taken . Calculations
Type Summary Duration

1 [Redacted] HVAC

2 [Redacted] Lighting
3 [Redacted] Lighting
4 [Redacted] Process

5 [Redacted] Process

IPMVP Option D

IPMVP Option A

IPMVP Option A

IPMVP Option A

IPMVP Option A

Collected voltage, average current (Amps),
average power (kW), and power factor for
sampled air-handling unit/heat pump fans and
compressors

Collected supply air temperature, mixed air
temperature, return air temperature, outside air
temperature for sampled air-handling unit/heat
pumps

Monitored lighting fixture operating hours in data
suites, hallways, and office areas

Monitored light circuits affected by the retrofit

Collected voltage, average (Amps), average power
(kW), and power factor for four aeration blower
motors

Collected voltage, average (Amps), average power
(kw), and power factor for three air compressors

Three weeks

Three weeks

Three weeks

Three weeks

Two weeks

Comparison of pre- and post-
retrofit models calibrated based
on equipment monitoring data

Engineering equations with
parameters from metered data
Engineering equations with
parameters from metered data

Engineering equations with
parameters from metered data

Engineering equations with
parameters from metered data
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. Project M&YV Plan Monitoring X
Participant Measurements Taken . Calculations
Type Summary Duration

10

11

12

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

HVAC

Lighting

Process

Lighting

Lighting

HVAC

HVAC

IPMVP Option A

IPMVP Option A

IPMVP Option A

IPMVP Option A

IPMVP Option A

IPMVP Option A

IPMVP Option A

Collected trend data for chiller demand (kW), flow

rate, supply and return temperatures, condenser
water pump and chilled water pump demand
(kwW), cooling tower entering and leaving water
temperatures and fan input demand (kW), and
coincident outside air conditions (from the site
metering system)

Monitored light circuits affected by the retrofit

Collected voltage, average current (Amps),
average power (kW), and power factor for one
500-ton injection molding machine

Monitored lighting fixture operating hours in
retail spaces

Monitored lighting fixture operating hours in
warehouse and shop

Collected voltage, average current (Amps),
average power (kW), and power factor for
sampled RTUs

Collected outside air temperature and relative
humidity, supply air temperature, mixed air
temperature, return air temperature, and supply
fan current for sampled RTUs

Collected trend data for total input demand (kW)
for 17 RTUs (out of 18), zone temperature for 11
RTUs, discharge and return air temperature for six
RTUs, cooling status for seven RTUs, and outside
air damper position for eight RTUs (all collected
by the site metering system)

One year

Three weeks

Two weeks

Three weeks

Two weeks

Three weeks

One month

Hourly model with typical
meteorological year (TMY3)
temperature data and
parameters from trend data

Engineering equations with
parameters from metered data

Engineering equations with
parameters from metered data

Engineering equations with
parameters from metered data
Engineering equations with
parameters from metered data

Regression analysis of
monitored data and
environmental measurements

Hourly model with TMY3
temperature data and
parameters from trend data
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. Project M&YV Plan Monitoring X
Participant Measurements Taken . Calculations
Type Summary Duration

Collected voltage, average current (Amps),

Engineering equations with

13 [Redacted] Lighting IPMVP Option A | average power (kW), and power factor for one Two weeks
o o parameters from metered data
lighting circuit
Monitored lighting fixture operating hours in Engineering equations with
14 [Redacted] Lighting IPMVP Option A . ghting P & Two weeks 8 & €q
retail area parameters from metered data
. Engineering equations with
L . None (refrigerated spaces were sprayed down . .
15 [Redacted] Lighting IPMVP Option A - updated fixture counts from site
every day) .
visit
Monitored lighting fixture operating hours in Engineering equations with
16 [Redacted] Lighting IPMVP Option A . ghting P . 8 Three weeks & & €q
offices, common areas, and parking garage parameters from metered data
Monitored lighting fixture operating hours in Engineering equations with
17 [Redacted] Lighting IPMVP Option A ghting P & Three weeks & & €q
warehouse and storage areas parameters from metered data
Monitored lighting fixture operating hours in Engineering equations with
18 [Redacted] Lighting IPMVP Option A . ghting P & Two weeks 8 & €q
retail spaces parameters from metered data
Monitored lighting fixture operating hours in Engineering equations with
19 [Redacted] Lighting IPMVP Option A . ghting P & Three weeks 8 &€q
office spaces parameters from metered data
Monitored lighting fixture operating hours in Engineering equations with
20 [Redacted] Lighting IPMVP Option A . ghting P & Three weeks 8 &€q
offices, warehouse, and bulk storage areas parameters from metered data
L . Monitored lighting fixture operating hours in Engineering equations with
21 [Redacted] Lighting IPMVP Option A . Two weeks
offices and warehouse parameters from metered data
. Collected true electric power logging of the new Engineering equations with
22 [Redacted] Process IPMVP OptionA . . . . Three weeks
injection molding machine parameters from metered data
Collected voltage, average current (Amps), . . . .
. Engineering equations with
23 [Redacted] Process IPMVP Option A | average power (kW), and power factor for the Two weeks

VFD air compressor

parameters from metered data
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. Project M&YV Plan Monitoring .
Participant Measurements Taken . Calculations
Type Summary Duration

24

25

26

27

[Redacted]

[Redacted]

[Redacted]

[Redacted]

HVAC

Process

Lighting

Process

IPMVP Option A

IPMVP Option A

IPMVP Option A

IPMVP Option A

Collected trend data for chiller flow rate, supply
and return temperature, and input demand (kW)
Collected chilled water and condenser water
pump demand and speed, cooling tower fan
demand and speed, and coincident outside air
conditions (all collected by the site metering
system).

Collected voltage, average current (Amps),
average power (kW), and power factor for VFD air
compressor, two air dryers, and two cooling
tower pumps.

Collected trend data of total input power (kW) for
two 900-hp air compressors (trended on site
metering equipment)

Monitored light circuits affected by the retrofit
(64 loggers total)

Collected voltage, average current (Amps),
average power (kW), and power factor for VFD air
compressor

Collected spot measurements of airflow and
temperature for heat recovery duct

Six months
to one year
(depending
on trending
data point)

Two weeks

Three weeks

Two weeks

Hourly model with TMY3
temperature data and
parameters from trend data

Engineering equations with
parameters from metered data

Engineering equations with
parameters from metered data

Engineering equations with
parameters from metered data
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. Project M&YV Plan Monitoring .
Participant Measurements Taken . Calculations
Type Summary Duration

Collected billing data (monthly kWh and demand)
for January 2011 to the present and confirmed
trending capability in the energy management
. System
IPMVP Options A . .

28 [Redacted] HVAC and D Monitored the operation of supply fans,
compressors, economizers, chilled water pumps,
carbon dioxide levels, and outdoor air
temperature and relative humidity for a sample of
buildings
Monitored lighting fixture operating hours in

29 [Redacted] Lighting IPMVP Option A ] .
offices, manufacturing, and warehouse areas

Three weeks

Three weeks

Comparison of pre- and post-
retrofit models calibrated based
on building/equipment
monitoring data

Engineering equations with
parameters from metered data
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Appendix D. Sampled Participant Detailed Results >
>
Table 16 lists the average annual realization rates by project type for the sampled participants. Table 17 lists a summary of the specific findings -
from each project in the sample. Highlighted cells signify calculated or otherwise determined to be outliers for energy, coincident peak or non- FIFI
coincident peak demand realization rate analyses. O
1
)
Table 16. Gross Savings and Realization Rate Results by Sampled Participant Q
H Project m NCP kW Savings CP kW Savings 2
articipan
1 [Redacted] HVAC 12,700 29,757 234% 29.20 28.70 98% 28.67 24.80 87% >
2 [Redacted] Lighting 1,454,592 1,523,258 105% 165.96 173.89  105% 166.05 273.15 164% 2
3 [Redacted] Lighting 31,575 21,504 68% 10.40 9.50 91% 10.40 9.50 91% o
—
4 [Redacted] Process 2,885,315 2,670,198 93% 329.22 656.30  199% 329.40 673.60 204% )]
5 [Redacted] Process 1,239,992 994,346 80% 141.47 113.50 80% 141.55 99.00 70% j§>
6 [Redacted] HVAC 2,618,060 2,444,156 93% 511.51 279.01 55% 416.96 414.26 99% !
7 [Redacted] Lighting 1,625,075 2,056,890 | 127% 185.41 247.80 @ 134% 185.52 243.10  131% 8
8 [Redacted] Process 135,308 131,758 97% 22.12 15.00 68% 22.12 20.80 94% 8
9 [Redacted] Lighting 1,734,359 1,696,851 98% 106.56 193.70 @ 182% 486.00 606.56 125% (I-)
10 [Redacted] Lighting 1,412,989 715,665 51% 98.65 310.40 315% 310.35 55.90 18% )
o)
11 [Redacted] HVAC 6,299,172 3,187,362 51% 1,339.50 11.30 1% 10.80 11.30  105% %
12 [Redacted] HVAC 1,909,006 812,169 43% 122.70 92.71 76% 2.45 4.87 199% o
13 [Redacted] Lighting 2,369,488 2,633,883 | 111% 32.75 300.67 918% - - N/A ﬁ
14 [Redacted] Lighting 337,186 372,877  111% 55.82 68.50  123% 55.82 68.50  123% 2
15 [Redacted] Lighting 490,520 578,518 118% 55.97 66.00 118% 56.00 66.00  118% i
16 [Redacted] Lighting 1,476,280 1,025,314 69% 156.10 117.04 75% 240.88 267.41  111% N
17 [Redacted] Lighting 1,396,127 235,845 17% 96.05 26.92 28% 398.28 57.56 14% m
1
18 [Redacted] Lighting 21,696 13,602 63% 4.68 5.30 | 113% 4.68 3.20 68% )
)
19 [Redacted] Lighting 469,064 (51,361) -11% 39.11 (5.86) | -15% - - N/A (8
20 [Redacted] Lighting 488,514 359,800 74% 38.38 41.07 | 107% 160.89 80.60 50% w
21 [Redacted] Lighting 2,812,620 3,188,437 | 113% 361.26 43790 | 121% 361.42 399.00  110% o
=4
N
N
23
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Project
Type

[Redacted]
23 [Redacted]
24 [Redacted]
25 [Redacted]
26 [Redacted]
27 [Redacted]
28 [Redacted]
29 [Redacted]

Process
Process
HVAC
Process
Lighting
Process
HVAC
Lighting

kWh Savings
Epecied | Evaluated | RR | Expecied | Evaluated | RR | Expected | Evaluated | R

402,674
142,073
2,914,790
7,087,680
7,901,837
494,116
4,602,694
472,663
* Note that participant names will be redacted in the public version of the report.

NCP kW Savmgs CcP kW Savmgs

412,822 @ 103% 35.90 36.30  101% 47.55 36.30 76%
123,252 87% 20.80 14.10 68% 20.80 19.40 93%
1,996,787 69% 253.20 227.97 90% 233.67 137.09 59%
3,770,573 53% 809.13 430.43 53% 775.46 430.43 56%
7,360,561 93% 901.55 959.96 | 106% 902.05 917.10 102%
618,587 @ 125% 69.69 78.30  112% 55.71 53.00 95%
2,104,233 46% 689.00 309.00 45% 414.35 921.00 222%
627,232 133% 68.31 71.60 105% 76.46 114.45  150%

Highlighted cells signify applications calculated or otherwise determined to be outliers for energy, coincident peak or non-coincident peak demand

realization rate analyses.

Project
E Participant* m CP RR Findings Summary
Type

1 [Redacted]
2 [Redacted]
3 [Redacted]
4 [Redacted]
5 [Redacted]

HVAC

Lighting

Lighting

Process

Process

Table 17. Findings Summary by Sampled Participant

234%

105%

68%

93%

80%

87%

164%

91%

204%

70%

The application calculations had underestimated the savings. Though the evaluated
energy savings were greater than initially estimated, the reduction in energy use
amounted to less than 2% of the building’s annual energy consumption.

The evaluated energy savings and demand reduction were close to those originally
estimated. One of the installed fixture types had a higher input wattage than expected,
but the operating hours with controls were less than expected.

While the demand reduction realization rates were close to 100%, the hours of use were
not accurately estimated in the application saving calculations, resulting in a reduction in
energy savings compared to expected savings.

The evaluated energy savings were close to those expected, and the evaluated demand
reduction was close to those proposed in the program participation application (but more
than the savings expected by DEC).

The evaluated energy savings were less than those expected because the average
metered demand for the compressed air system was 10% higher than expected.
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Project
E Participant* m CPRR Findings Summary
Type

10

11

12

13

14

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

HVAC

Lighting

Process

Lighting

Lighting

HVAC

HVAC

Lighting

Lighting

93%

127%

97%

98%

51%

51%

43%

111%

111%

99%

131%

94%

125%

18%

105%

199%

N/A

123%

The evaluated energy savings were less than originally estimated because the cooling
tower fans use more energy than the pre-retrofit case (to provide more area for heat
transfer).

HVAC interactive effects were not included in the projected and expected saving
estimates.

The evaluated energy savings and peak demand reduction were close to those expected
because the metered demand data closely matched data collected for the application
saving calculations.

HVAC interactive effects were not included in the projected and expected saving
estimates.

The evaluated energy savings were less than those expected because the metered lighting
fixture operating hours were less than expected. The peak demand reduction is less than
expected because the metered data revealed that the lighting fixtures only operate during
a portion of the peak coincident period.

The evaluated energy savings realization rates are low due to the fact that many of the
monitored units showed no signs of economizing during the logging period. There is an
apparent clerical error in the reported non-coincident peak expected demand reduction in
the DEC program tracking database, which is much higher than the coincident peak
expected savings.

The project contacts provided trend data for month of July only and did not permit third
party metering. The trend data did not indicate economizer operation, but July is not
typically an economizer month. Due to lack of data during economizer season, project was
removed from sample.

The evaluated energy savings and demand reduction were higher than expected due to
higher operating hours, and because the metered input wattage for one of the fixture
types was 5% less than expected in the original study.

The evaluated energy savings and demand reduction were higher than originally
estimated because HVAC interactive effects were not included in the original savings
estimates.
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Project
E Participant* m CPRR Findings Summary
Type

15

16

17

18

19

20

21

22

23

24

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

Lighting

Lighting

Lighting

Lighting

Lighting

Lighting

Lighting

Process

Process

HVAC

118%

69%

17%

63%

-11%

74%

113%

103%

87%

69%

118%

111%

14%

68%

N/A

50%

110%

76%

93%

59%

Rider 10 Exhibit 5F

The evaluated energy savings and demand reduction were higher than originally
estimated because refrigeration system interactive effects were not included in the
original savings estimates.

The evaluated energy savings were less than originally estimated due to a decrease in
projected annual operating hours based on metered data.

The evaluated energy savings and peak demand reduction were less than originally
estimated due to an inappropriate baseline that was used in the original analysis.

The evaluated energy savings and peak demand reduction were less than originally
estimated due to a decrease in projected annual operating hours based on metered data.
The evaluation resulted in an energy penalty because there were more fixtures on
emergency circuits than expected, fewer exterior parking lot pole fixtures than expected,
higher operating hours for exterior fixtures than expected, and less aggressive zone
control schedules than the pre-retrofit system.

The evaluated energy savings and peak demand reduction were less than originally
estimated because the projected annual operating hours are 26% less than expected
based on the metered data.

The evaluated energy savings and demand reduction were higher than expected due to
higher operating hours than expected.

The evaluated savings were very close to expected savings, while coincident peak demand
reduction fell slightly short of the estimate due to the molding machine’s metered
operating kW being higher than originally estimated.

The evaluated energy savings and demand reduction were less than originally estimated
due to fewer annual operating hours than originally expected.

The evaluated energy savings and demand reduction were less than originally estimated
because the original analysis did not account for load growth. The data center will not
reach full capacity for a few years. The evaluation team accounted for the present value
energy savings and demand reduction at full capacity by factoring in a discount rate of
7.09%.
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Project
E Participant* m CPRR Findings Summary
Type

25

26

27

28

29

[Redacted]

[Redacted]

[Redacted]

[Redacted]

[Redacted]

Process

Lighting

Process

HVAC

Lighting

53%

93%

125%

46%

133%

56%

102%

95%

222%

150%

Rider 10 Exhibit 5F

The evaluated energy savings and peak demand reduction were less than originally
estimated because the installed compressors have a lower performance than originally
expected, and the original analysis contained minor errors that had a significant impact on
overall savings.

The evaluated savings were very close to expected savings.

The evaluated energy savings were higher than originally estimated because the average
metered demand was 18% less than expected. The peak demand reduction was slightly
less than expected in the original study.

The low energy realization rate is mostly due to the fact that the controls energy
conservation measure (ECM), which most buildings implemented, does not operate as
anticipated to reduce energy use. The high coincident peak demand realization rate is
mainly due to the fact that the demand reduction from the VFD ECM is much higher than
projected. Typically, a VFD is not expected to reduce peak demand; however, in this case,
the air handling unit supply fans appear to be significantly oversized. Even during peak
cooling conditions, the fans only need to run at around 60% of full speed. As a result, the
peak demand reduction is considerably higher than would normally be expected for the
VFD ECM.

The evaluated energy savings and demand reduction were higher than originally
estimated because the input wattages for the installed fixtures are lower than expected
and the original analysis did not account for HVAC interactive effects.

* Note that participant names will be redacted in the public version of the report.

Highlighted cells signify applications calculated or otherwise determined to be outliers for energy, coincident peak or non-coincident peak demand realization

rate analyses.
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CADMUS

Appendix F. Site Measurement and Verification Reports — Full Customer
Detail
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Application ID 13-1586579
DDC Control Retrofit
M&V Report

Prepared for
Duke Energy Carolinas

January 2015, Version 1.0
(revised August 19, 2016)

Note: This project has been randomly selected from the list of applications
for which incentive agreements have been authorized under Duke Energy’s
Smart $aver® Custom Incentive Program.

The M&V activities described here are undertaken by an independent third-
party evaluator of the Smart $aver® Custom Incentive Program.

Findings and conclusions of these activities shall have absolutely no impact
on the agreed upon incentive between Duke Energy and [redacted].

Submitted by:

Rob Slowinski
NORESCO, Inc.

Stuart Waterbury
NORESCO, Inc.
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On August 19, 2016 the Duke Energy expected savings recorded in this report were corrected by
Cadmus to reflect the values found in Duke Energy program tracking database.

Introduction

This report addresses M&YV activities for the [redacted] custom program application. The
application covered a DDC control retrofit and roof retrofit at one location in [redacted], North
Carolina. The measures included:

ECM-1 - DDC Controls

New DDC controls were implemented to monitor and control newly installed HVAC equipment.
This will allow for optimum start and stop times, as well as better precision in controlling all
setpoints and schedules. The DDC system will control, among other things, (2) 10-ton unitary
and rooftop AC units, (3) 10-ton and (1) 7.5-ton rooftop heat pumps and (1) 3-ton unitary and
rooftop heat pump.

ECM-2 - Additional insulation / White Roof Replacement

This ECM involved replacing the old roof with a new, well insulated white roof. The new roof
has an R-value of 30 or greater. The roof has a reflectivity of 0.77 and emissivity of 0.87,
although since the roof was largely covered by solar collectors, this aspect of the measure was
ignored.

This project was scheduled to be completed by May 2014, after having been started in January
2014.

This customer has also been advised to apply for incentives for RTU replacements through the
prescriptive incentive programs. At the time the M&V plan was written, the prescriptive
applications had not been received, and so the RTU replacements were not verified for the
prescriptive program.

Goals and Objectives

The projected savings goals identified in the application were:

Facility Proposed Proposed kW Duke Projected | Duke Projected
Annual kWh Savings Annual kWh kW savings
savings savings
redacted 14,132 2 12,700 29
Total 14,132 2 12,700 29

The objective of this M&V project was to verify the actual:

e Average pre/post load shapes by daytype for controlled equipment

e Facility peak demand (kW) savings

January
2015

1
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e Summer utility coincident peak demand (kW) savings
e Annual energy (kWh) savings
Project Contacts
Duke Energy M&V Coordinator Frankie Diersing p: 513-287-4096
NORESCO Engineer Rob Slowinski p: 303-459-7409

rslowinski@noresco.com

Customer Contact redacted

Site Locations/ECM’s

Address
redacted

Data Products and Project Output

e Average pre/post load shapes by daytype for controlled equipment
e Facility peak demand (kW) savings

e Summer utility coincident peak demand (kW) savings

e Annual energy (kWh) savings

e kWh & kW Realization Rates

M&YV Option

IPMVP Option D

M&YV Implementation Schedule

e Conducted the post-retrofit survey after the customer had performed the roofing and
DDC control retrofit.

o Collected data during normal operating hours

o Obtained and verified the post-retrofit HYAC schedules of equipment controlled
by the DDC system. The building is occupied Monday through Friday from 8am to
5pm, with periodic second shifts until midnight. There are periodic Saturday
shifts as well, but the system is set to go to sleep by reducing setpoints during
unoccupied hours.

January
2015 2
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o Performed spot-measurements on selected controlled equipment.
o Deployed post-retrofit loggers to record temperature and power measurements
on sampled equipment.
e Confirmed and updated the provided eQUEST energy model to reflect as-built
conditions.
e Evaluated the energy and demand savings of the retrofit measure.

Field Survey Points

Pre —installation
e Nameplate data and quantity for all HYAC equipment.

Reviewed eQUEST energy model of pre-retrofit energy consumption.

Post —installation
e Obtained and verified schedules, setpoints and sequence of operation details for all
controlled equipment POST-retrofit.
e Visual verification of roof installation and insulation type.

Spot measurements
e V/A/KW/PF for sampled AHU/heat pump fans and compressors
Time series data on controlled equipment

e V/A/kW/PF for sampled AHU/heat pump fans and compressors
e SAT, MAT, RAT, OAT for sampled AHUs and heat pumps

Loggers were setup for 5-minute instantaneous readings and deployed for 3 weeks. The
monitoring period lasted from 8/29/14 to 9/25/14.

Field Data Logging

e ECM-1

Field technicians installed data loggers to collect data on sampled HVAC units. Two
AHUs and two heat pumps were sampled for fan current, compressor current, SAT, MAT
and RAT. Outdoor air temperature and relative humidity were logged for 3 weeks with
a 5-minute interval.

e ECM-2
January
2015 3
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No data logging was necessary—visual verification only.

Data Analysis

Trend data was gathered and analyzed for four rooftop units (2 heat pumps and 2 DX units).
Time series data was then converted to a daily load profile based on daytype (weekday,

Saturday or Sunday). The compiled daily load profiles for each of the monitored units can be
seen in Figures 1 through 4. A time series plot of RTU 16 fan current can be seen in Figure 5.

RTU 3 (DX) Fan Profiles
100%

/ \

| \

80% / \
70%

/o
60% //
50%

= Sundays

Fan Percentage

= Saturdays
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N\

|

|
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| |
|
|
|

0%

20% //
10% /
5

Hour of the Day (0=midnight)

T T T T T T T T T T T T T T T
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Figure 1: RTU 3 daily fan profiles. RTU 3 is a DX unit, and appears to be operating

according to the schedule provided by the building contact.
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Figure 2: RTU 4 daily fan profiles. RTU 4 is a DX unit. Weekday and Saturday operation
is close to the disclosed schedule, but fans also appear to be running on Sundays when they
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Figure 3: RTU 6 daily fan profiles. RTU 6 is a heat pump unit. There is some semblance of
a schedule, but unoccupied operation does not appear to be working correctly.
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Figure 4: RTU 16 daily fan profiles. RTU 16 is a heat pump, without much of a coherent
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fan schedule during the monitoring period.
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RTU 16 Fan Current
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Figure 5: RTU 16 time series fan current. The fan cycles continuously during the entire
monitoring period. If anything, higher fan power can be observed during the early
morning hours.

Due to the somewhat inconsistent nature of the gathered trend data, as well as the input
format required by DOE-2 energy simulation software, the fan schedules were consolidated
into an equivalent full load hours (EFLH) schedule (including separate schedules for DX units
and for heat pumps). Pre- and post-retrofit fan schedules can be seen in Table 1.

Table 1: Energy model schedule details.

Pre-Retrofit (from provided
energy model)

Post-Retrofit (from trend
data)

DX Units: Monday-Saturday

ON: 3am-9pm,
OFF/cycling: all other hours

ON: 4am-8pm (16 EFLH),
OFF/cycling: all other hours

DX Units: Sunday

OFF/cycling: all hours

ON: 7am-2pm (7 EFLH),
OFF/cycling: all other hours

Heat Pump Units: Monday-
Saturday

ON: 3am-9pm,
OFF/cycling: all other hours

ON: 6am-5pm (11 EFLH),
OFF/cycling: all other hours

Heat Pump Units: Sunday

OFF/cycling: all hours

ON: 7am-4pm (9 EFLH),
OFF/cycling: all other hours
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In the energy model, the only modifications to the model between pre- and post-retrofit were
to the daily fan schedules and the roof insulation. All other parameters are identical between
the two models. The breakdown of rooftop units is a 2:1 ratio of heat pumps to DX units, to
reflect the total tonnage of the installed systems. RTUs were modeled to cycle on any call for
heating or cooling, to account for loads that occurred even when fans were scheduled to OFF.

The roof insulation measure involved modifying roof insulation layers from the baseline
construction of 3/8” built-up roofing, 1.5” of polyurethane foam and 5/8” of plywood and an
additional R-2.8 insulation layer to the ECM construction of 3/8” built-up roofing, a 6” layer of
polyisocyanurate, 5/8” plywood and an additional insulation R-8.1 insulation layer.

The energy models were run and checked to ensure that there are no hours throughout the
year with loads unmet or hours outside of temperature throttling range.

Energy savings was calculated by comparing the annual electrical energy consumption (kWh)
data predicted the two models. Coincident peak demand data was taken from the hourly
reports of kW, and compared on July 17% at 3pm (standard for North Carolina). Non-coincident
kW savings was calculated by comparing demand savings between the two models for all hours
of the year and taking the maximum value.

Verification and Quality Control

1. Visually inspected logger data for consistent operation. Sorted by day type and removed
invalid data. Identified out of range data and data combinations that are physically
impossible.

2. Verified that pre-retrofit and post retrofit equipment specifications and quantities are

consistent with the application.

Verified electrical voltage of equipment circuits.

4. Inspected energy model .SIM files for unusual operation.

w

Recording and Data Exchange Format

Survey Form and Notes.

Building Automation System data files OR data logger files
Excel spreadsheets

eQUEST files

DOE-2 energy model data files

uhwWwN e

Results Summary

Figure 6 shows the behavior of fan energy in the energy model. The results are as expected,
with lower fan energy peaks in the post-retrofit model due to the more efficient building
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envelope. The new schedule also provides for reduced fan operation on weekdays and
Saturdays, while slightly increasing fan usage on Sundays.

Daily Fan Profiles - Baseline and ECM Case

w
[e=]

20

------- Baseline M-Sat

------- Baseline Sun

ECM Mon-Sat

Average Fan kW
-

ECM Sun

(4]

=]

T
-1 4 9 14 19 24
Hour of the Day (0=midnight)

Figure 6: Fan energy profiles based on the DOE-2 energy model.
In summary, while trend data does not result in data as consistent as might be expected, the
scheduling and insulation measure do provide savings that were greater than initially

estimated, according to the energy model. Final savings results can be seen in Table 2.

Table 2: Savings Summary.
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Duke Projected Observed Realization Rates
CP NCP
kWh kW kW
Realiz | Realiz | Realiz

CP NCP CP NCP | ation ation ation
kWh kW kW kWh kw kW Rate Rate Rate
Total 12,700 29 29 29,757 24.8 28.7 | 234% 87% 98%

While realization rates are quite high, this amount is less than 2% of the building’s overall
energy consumption, and is reasonable within that context.
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Application ID 14-1706865
Lighting
M&YV Report

August 26, 2016

Duke Energy
139 East Fourth Street
Cincinnati, OH 45201

The Cadmus Group, Inc.

An Employee-Owned Company + www.cadmusgroup.com
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CADMUS

Prepared by:

Dave Korn
Christie Amero

Cadmus
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CADMUS

Introduction

This report outlines Cadmus’ measurement and verification (M&V) activities for two new construction
energy conservation measures (ECMs) as part of the [redacted], Smart Saver custom incentive program
application. Specifically, [redacted] installed high-efficiency LED lighting fixtures and occupancy sensors
above code requirements at their new construction data center project in [redacted], North Carolina.
Energy savings were expected to result from the reduced fixture wattages and operating hours.

[Redacted]’s new data center is called FRC3, and is divided into suites A, B, C, and D. Suites A and B are
approximately 117,500 square feet combined and include data storage and administration offices. Suites
C and B are approximately 80,000 square feet combined and contain data storage equipment only.
Descriptions of the measures as submitted in the original project documentation follow; ECM-1 pertains
to lighting in Suites A and B and ECM-2 pertains to lighting in Suites C and B.

ECM-1: Suites A & B LED Fixtures and Occupancy Sensors

Baseline: The baseline was a standard 128-watt T8 fluorescent fixture. The lighting power densities for
the equipment rooms and offices were code compliant (at 1.25 watts per square foot on a total building
basis). In the original application, the T8 fixtures were assumed to operate 70% of the year (6,132 hours
per year).

Installed: The facility installed 1,450 20-watt LED lighting fixtures with automated occupancy sensors. In
the original application, the installed LED lamps were assumed to operate 20% of the year (1,752 hours
per year).

ECM-2: Suites C & D LED Fixtures and Occupancy Sensors

Baseline: The baseline was a standard 128-watt T8 fluorescent fixture. The lighting power density for
the equipment room was code compliant (at 1.3 watts per square foot). In the original application, the
T8 fixtures were assumed to operate 70% of the year (6,132 hours per year).

Installed: The facility installed 1,033 20-watt LED lighting fixtures with automated occupancy sensors. In
the original application, the installed LED lamps were assumed to operate 20% of the year (1,752 hours
per year).

Goals and Objectives

Table 1 shows the projected savings goals identified in the project application.
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Table 1. Project Goals

Application Duke Energy

Projected Claimed Claimed Claimed Non-
Annual kWh Average kW ..
i X Annual kWh Annual kWh Coincident Peak CP kW
Savings Reduction : X . .
Savings* Savings kW Reduction Reduction

1 873,369 N/A 854,038 854,023 97.49 97.44
2 605,299 N/A 600,580 600,569 68.56 68.52
Total 1,478,668 0 1,454,618 1,454,592 166.05 165.96

* Source: DSMore input spreadsheet.

For this M&V project, Cadmus sought to verify actual numbers for the following:
e Facility peak demand reduction (kW)
e Summer utility coincident peak demand reduction (kW)
e Annual energy savings (kWh)

e Annual realization ratios (kW and kWh)

Project Contacts

Table 2 lists the Duke Energy contact who granted Cadmus approval to plan and schedule the site visit
for this M&V effort, along with the Cadmus contact and the customer contact.

Table 2. Project Contacts

Monica Redman, Senior DSM & )
Duke Energy . monica.redman@duke-energy.com
Retail Programs Analyst

office: 303-389-2509

Cadmus Christie Amero, Senior Analyst o
christie.amero@cadmusgroup.com

Customer redacted

Site Location
The site location is listed in Table 3.

Table 3. Site Location

ccw

redacted 1&2

M&YV Option
To assess this site, Cadmus followed IPMVP Option A.
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Implementation
Cadmus reached out to the site contact provided by Duke Energy to review the evaluation plan and to
schedule the site visit. Christie Amero of Cadmus performed the site visit on June 20, 2016.

Field Survey

During the site visit, Cadmus met with the facility manager to review the lighting survey and to collect
general operating information. The data center section of the facility operates all day, year round, but
the data suites are usually unoccupied. The administrative offices are typically occupied from Monday
through Friday, 8:00 a.m. to 5:00 p.m., year round. The site observes approximately 10 standard
holidays per year.

The offices are conditioned by electric air-source heat pumps. The data center is cooled by rooftop
direct expansion systems with economizer control to provide free-cooling when outside air conditions
allow. There is no heating for the data suites. The site uses hot aisle containment in the data center and
maintains a space temperature between 60°F and 85°F.

The site installed 40-watt LED troffers in the data rack aisles and 20-watt LED downlights in the center
and side aisles. There are ceiling-mounted occupancy sensors in all four data suites.

Field Data

After completing the lighting survey, Cadmus performed a walkthrough of the facility with the site
contact to verify the installed lighting fixture types and to install light loggers. Due to the sensitive
nature of the site and equipment, Cadmus did not take any photographs inside the data center. We
confirmed that the four data suites have occupancy sensors and visually inspected the LED fixtures.
According to the site contact, the installed LED troffer is a Philips Lightolier model 6830; the specification
sheet for this model is shown in Figure 1.

Docket NOPEEOABEXXOK-B
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Figure 1. Installed LED Downlight Specification Sheet

C4L10DL

Calculite 42" LED downlight

Page 1 of §
e
H
&
o i Fixture Support Meenbers:
E 1 5/8" (16 mm) to
l 4 238 (Famm|
SR 1 " .‘ Fangeless Trmwith
| a4 mm Dis. | 2* 150 mml max. —% Praster fing Acosszory CA4FMR
& 3/4° (148 mm) Dia. Cailmg Thickness. {Requrad for gypsum installations|
Ordering guide: Light engines
Uight angine series | Seyle Color temp Flange Optans
catie DL (Downighy | 27K (1700%] Wi
30K 3000 P o clched)
35K (3500K) FT (Fush-s Hlangeless)’
0K (400K
Ecampie: CALIODLISKCCLWEN ‘Accessory CAAFHR raqun wm spphcatiors.  %Sca LEDLEM for ducals and raserictians.
Refloctor flangs s 14", New consiruccian frame.in
Joks only.
Ordering guide: Frame-in kits
Frame-in kit series Inputvoltage | Driver Options
CALID (1000 humer)

11200 ZAOV (0-10V dimming) | EM (Emergenzy - 1000 bumen only)
2077%) -

CALIS (1500 lumer)

CULIO (1090 lumen) 101209

24277Y)

Example: CALINIZIBVEM

achn.

" 80,2008 50,000 hrs 705 lamen muranince
Phatometri : Tested naccordance o ESMA LMT9-2008
Optians

See LED.
Emergency capabilicy (ingegral): Add “EM” sufls. Soe LED-EM spec sheer.
finwerter): Ses LED. shest

PHILIPS
LIGHTOLIER

assembly ensures specified perfarmance.

Cadmus installed nine light loggers throughout the facility to collect fixture operating hours for a three-
week period. Table 4 summarizes the locations of installed light loggers and monitored fixture types.

Table 4. Summary of Fixture Counts and Installed Light Loggers

. . L. Light Logger
General Location Fixture Description i
Serial Number

1 A Data rack row LED troffer, 40 watts 10272535
2 A Center aisle LED recessed can, 20 watts 10326625
3 B Side aisle LED recessed can, 20 watts 10187384
4 C Data rack row LED troffer, 40 watts 10327344
5 C Center aisle LED recessed can, 20 watts 10380626
6 D Center aisle LED recessed can, 20 watts 10161259
7 D Data rack row LED Troffer, 40 watts 10255362
8 Connecting Hallway On wall conduit LED can 10260263
9 Administrative Offices Top of fire alarm on wall LED cans, LED troffers 10326440
4
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Data Analysis

Cadmus used the survey and light logger data to verify demand and operating hours for the installed

lighting fixtures. Table 5 summarizes the light logger data.

Table 5. Summary of Light Logger Data

Total Metered | Total Operating | Percentage Average
Suite / Fixture
Hours Hours Operating Coincidence Factor

A —Troffer 592.7 210.3 35% 35%
2 A-Can 592.6 524.4 89% 75%
3 B-Can 594.4 5.3 1% 1%
4 C-—Troffer 592.5 45.2 8% 23%
5 C-Can 592.5 39.5 7% 15%
6 D-Can 592.4 34.7 6% 18%
7 D-Troffer 592.4 28.7 5% 12%
8 Connecting Hallway — Can 592.2 36.4 6% 13%
9 Administrative Offices — Troffer 592.0 308.3 52% 42%

The eight loggers in the data center suites and hallways produced a mean projected annual runtime of
1,708 hours and a mean coincidence factor of 24%. The logger in the office area produced a projected
annual runtime of 4,563 hours and a mean coincidence factor of 42%.

Cadmus used an invoice submitted in the original project application to confirm the installed fixture
guantities. The total installed case connected load is 88.4 kW and the overall lighting power density is
0.45 watts per square foot.

Cadmus verified the baseline lighting power densities in the original application of 1.3 watts per square
foot for the data suites and 1.0 watts per square foot for the offices using technical reference manuals,
then deemed these to be reasonable. The overall baseline lighting power density is 1.27 watts per
square foot and the connected lighting load is 251.4 kW. Cadmus also confirmed that the baseline
lighting control method submitted in the original application (manual control only) was reasonable
based on the state energy code at the time of the application.

The energy savings and peak demand reduction without HVAC interactive effects are 1,382,253 kWh
and 229.69 kW, respectively.

Cadmus also calculated energy savings and demand reductions with HVAC interactive effects, based on
the heating and cooling system types collected on site. Cadmus used the waste heat factors listed in
TechMarket Works’ Process and Impact Evaluation of the Non-Residential Smart Saver® Prescriptive
Program in the Carolina System: Lighting and Occupancy Sensors report submitted in April 2013. The
energy waste heat factor for a small office near Charlotte, North Carolina with heat pump cooling and
heating and no economizer is 0.047, and the demand factor is 0.152. The energy waste heat factor for a
warehouse near Charlotte, North Carolina with air conditioner cooling, gas heating, and an economizer
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is 0.106, and the demand factor is 0.192. The following equations are used to calculate savings with
HVAC interactions:

kthavings with HVAC = kthavings x (1+ WHFe)
kWsavings with HVAC = kWsavings x (1+WHFAQ)

Where:
WHFe
WHFd

Waste heat factor for energy

Waste heat factor for demand

The total evaluated energy savings were 1,523,258 kWh. The evaluated total summer coincident peak
demand reduction (for the month of July, Monday through Friday from 4:00 p.m. to 5:00 p.m.) was
273.15 kW, and the average, or non-coincident, peak demand reduction was 173.89 kW.

Conclusion

The overall energy savings realization rate was 105%, compared to Duke Energy claimed savings. The
summer peak demand realization rate was calculated as 164%. The average (or non-coincident) peak
demand reduction realization rate was 105%.

Cadmus found a discrepancy in the installed LED fixture wattage. The energy savings calculations in the
original application assumed that one 20-watt LED fixture type would be installed in all areas. During the
evaluation site visit, Cadmus observed that a 20-watt LED downlight and a 40-watt LED troffer were
installed. However, the annual operating hours for the data suite lighting fixtures were less than
expected in the original application, which negated the impact of the additional installed fixture
wattage.

The original application did not include an estimate of peak coincidence factors, and divided the total
energy savings by 8,760 hours to calculate the peak demand reduction of 166.05 kW. Using the peak
coincidence factors from the metered data increased the evaluated peak demand reduction to
273.15 kW.

Table 6 provides a comparison of the applicant, Duke Energy claimed, and Cadmus evaluated energy
savings and demand reduction. Table 7 provides realization rates comparing energy savings and demand
reductions claimed by Duke Energy to those calculated by Cadmus.
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Table 6. Comparison of Applicant, Duke Energy Claimed, and
Evaluation Energy Savings and Demand Reduction

 ppicant | DukeEnengyClamed | Eualuaton |
ECM Annual Average Annual Coincident Non-CP Annual Coincident Non-CP
kWh kw kWh Peak kw kw kWh Peak kW kw
Savings Reduction Savings Reduction | Reduction Savings Reduction | Reduction
1 873,369 N/A 854,023 97.49 97.44 886,542 159.58 101.20
2 605,299 N/A 600,569 68.56 68.52 636,716 113.57 72.68
Total 1,478,668 N/A 1,454,592 166.05 165.96 1,523,258 273.15 173.89

Table 7. Energy Savings and Demand Reduction Realization Rates

Annual kWh Savings Coincident Peak kW Reduction Non-CP kW Reduction
1

104% 164% 104%

2 106% 166% 106%

Total 105% 164% 105%
7
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Application ID 13-1539878
Lighting Retrofit
M&V Report

Prepared for
Duke Energy Carolinas

January 2015, Version 1.0
(Revised August 22, 2016)

Note: This project has been randomly selected from the list of applications
for which incentive agreements have been authorized under Duke Energy’s
Smart $aver® Custom Incentive Program.

The M&V activities described here are undertaken by an independent third-
party evaluator of the Smart $aver® Custom Incentive Program.

Findings and conclusions of these activities shall have absolutely no impact
on the agreed upon incentive between Duke Energy and [redacted].

Submitted by:

Katie Gustafson
NORESCO, Inc.

Stuart Waterbury
NORESCO, Inc.
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On August 22, 2016 the Duke Energy projected savings in this report were corrected by Cadmus
to correspond to Duke Energy expected savings as found in the Duke Energy program tracking

database.

Introduction

This document addresses M&YV activities for the lighting retrofit at the [redacted]’s [redacted],
South Carolina Location. This lighting retrofit was rebated through Duke Energy’s Smart Saver

Custom Lighting Incentive program.

e ECM-1 —Retrofitted (31) 4L T12 fixtures with 3L HPT8 fixtures.
e ECM-2 — Retrofitted (13) 8L incandescent fixtures with 2L HPT8 HO fixtures.

Goals and Objectives

The projected savings goals identified in the application are:

Facility Proposed Proposed kW Duke Expected Duke Expected
Annual kWh Savings Annual kWh kW savings
savings savings
redacted 31,526 10.4 31,575 10.4
Total 31,526 10.4 31,575 10.4

The objective of this M&V project will be to verify the actual:
e Annual gross kWh savings

e Summer peak kW savings
e Coincidence Peak kW savings

e kWh & kW Realization Rates

Project Contacts

Duke Energy M&V Coordinator
NORESCO Engineer

2zl 40 65 9bed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2I/eN 8102 - 3114 ATTVOINOY L0313

Frankie Diersing
Katie Gustafson

p: 513-287-4096
p: 303-459-7430
kgustafson@noresco.com

Customer Contact redacted

Site Locations/ECM’s

Address ECMs Implemented
redacted 1-2

January
2015 1
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Data Products and Project Output

e Post retrofit survey of lighting fixtures.

e Average post-retrofit lighting fixture load shapes.

e Equivalent Full Load Hours (HOURS) by day type (weekday/weekend).
e Summer peak demand savings.

e Summer utility coincident peak demand savings.

e Annual Energy Savings.

M&YV Option

IPMVP Option A

Field Data Points

Post-Installation

Survey data
e Fixture count and Wattage.
e Verified that all fixture specifications and quantities were consistent with the
application.
e Determined how the lighting is controlled and recorded controller settings.
e Verified that all pre (existing) fixtures were removed.
e Determined what holidays the building observes over the year.
e Determined if the lighting zones are disabled during the holidays.

Data Accuracy

Measurement Sensor Accuracy
Current CTV-A 20A +4.5%

Field Data Logging

The following table summarizes the quantities and locations of lighting loggers that were
deployed to monitor the retrofitted fixtures.

ECM Hobo (U12) CTV-A 20A
1-2 1 4
Total 1 4
January
2015 2
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e Used the standard calculation template for estimating pre and post demand and energy
consumption that incorporates the methodology described below.

e From survey data calculated the actual pre and post fixture kW.

e Weight the time-series data according to connected load per control point.
Methodology included in analysis worksheet.

e From time-series data determined the actual schedule of post operation.

Niogged
LD = Y. E8%%(Currentcontrolpoint; * ScaleFactor; )

N :
Y. 88 kWControlPoint;

NcontrolPoints
KWeighting () = LF(t) * z kWControlPoint;
i=1
Where
LF(t) = Lighting Load factor at time =t
kWControlPointi = connected load of control point i
CurrentControlPoint; = logged current at control point i from time series
data
ScaleFactori= Convert logged current to kW
NLogged = population of logged control points
NControlPoints = population of all control points

e C(Created separate schedules for weekdays and weekends using LF(t).

e Tabulated average operating hours by daytype (e.g. weekday and weekend).

e Extrapolated annual operating hours from the recorded hours of use by daytype.

e Generated the post load shape by plotting surveyed fixture kW against the actual
schedule of post operation for each daytype.

e Calculated pre annual operating hours using the pre-retrofit schedules by daytype and

extrapolated to the full year.
e Calculated energy savings and compared to project application:

kthavings = (NFixtures * kWFixture * HourS)PRE - (NFixtures * kWFixture * Hours)Post

NCP kWsavings = (NFixtures * kWFixture)PRE - (NFixtures * kWFixture)Post

CP kWsapings = NCP kWqyings x CF

where:

NFixtures = number of fixtures installed or replaced

kWrixture = connected load per fixture

January

2015 3
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HOURS = equivalent full load hours per fixture
NCP kWsavings = non-coincident peak savings

CP kWsavings = coincident peak savings

CF = coincidence factor

e The savings with HVAC interactions are calculated from:

kthavings with HVAC = kthavings X (1 + WHFe)
kWsavings with HVAC = kWsavings X (1 + WHFd)

where:
WHFe = waste heat factor for energy
WHFd = waste heat factor for demand

Verification and Quality Control

1. Visually inspected lighting logger data for consistent operation. Sorted by day type and
removed invalid data.

2. Verified the post retrofit lighting fixture specifications and quantities were consistent
with the application.

3. Verified that pre-retrofit lighting fixtures were removed from the project. Inspected
storeroom for replacement lamps or fixtures.

Recording and Data Exchange Format

e Hobo logger binary files
e Excel spreadsheets

Results Summary

This retrofit included both warehouse and restroom spaces. The warehouse space is heated
with gas but is not cooled. The restrooms are heated and cooled with a heat pump. The waste
heated interaction factors were only applied to the restroom savings. The following tables
summarize the total estimated savings for the lighting retrofit.

2zl Jo ¢9 ebed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2I1eN 8102 - 3114 ATTVOINOYLO3 13

Table 1. Energy Savings and Realization Rates.

Realized Savings Realization Rate
Duke Savings Lighting Lighting Lighting Lighting
Only and HVAC Only and HVAC
Energy (kWh) 31,575 21,596 21,504 68% 68%
Peak Demand (kW) 10.4 8.2 9.5 79% 91%
January
2015 4
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CP Demand (kW)

10.4

8.2

9.5

79%

91%

The energy and demand savings calculation summary is shown in Table 2Error! Reference
source not found.. Demand savings details are shown in Table 3 at the end of this report.

Table 2. Summar

y of Energy and Demand Savings Calculations.

With HVAC interactions
N ECM2 Only
Base Lighting Only WHFe=  -0.005
EEKW | HOURS | CF e =
kw WHFd=  0.184
kV.Vh NCP kW cp kV.Vh NCP kW | CP kW
savings kW savings
ECM1 3.97 2.7 2633 1.0 3,441 1.3 1.3 3,441 13 13
ECM2 7.84 0.9 2633 1.0 18,149 6.9 6.9 18,057 8.2 8.2
Total 11.81 3.6 2633 1.0 21,596 8.2 8.2 21,504 9.5 9.5
e Used the NORESCO-developed HVAC interaction factors for heat pump heating and
cooling for the restroom spaces only. The warehouse space is heated with gas and not
cooled and therefore does not have energy or demand interaction factors.
Figure 1 shows the average daily load shape. When extrapolated to the year, the M&V annual
operating hours are 2633, which are 16% less than the 3120 hours stated in the application.
January
2015 5
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Figure 1: Average daily load shapes.
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Table 3. Demand Savings Detail. <
EE Technology Base Technology ?EI
ECM Quantit EE Fixture w/ Source CUt\:II;EEt Connected Quantit Base Fixture Type w/ Source Connectec’-_<:
v Type Fixture . kw ¥ P Fixture kw T
Fixture T
1) F40T12/ES Mag-ES o
, Spot (144 W/ fixture)
! 31 4'3LT8 8.8 measured 88 2.7 31 2) F40T12/ES Electronic 128 13 4.0
(120 W/fixture)
2 13 a2T8 | 729 | POt 74 0.9 13 | Eightl00Wlamp 603 2 7.8
measured Incandescent Bath Strip
Notes:

1. SPC Apdx B — Appendix B 2013-14 Table of Standard Fixture Wattages. See http://www.aesc-

inc.com/download/spc/2013SPCDocs/PGE/App%20B%20Standard%20Fixture%20Watts.pdf

2. The EISA phase out of 100W incadecent lamps began in 2012, these lamps are to be replaced with 72W halogen lamps.
TechMarket Works has recommended baseline wattages for the 100W lamp through 2018 at that time it is unlikely that
there will be 100W lamps remaining in the marketplace. TechMarket Works Memo - "Residential Lighting Program —
Mystery Shopper CFL Baseline Real-Time Feedback Memo." 7 Feb. 2014. TecMarket Works Evaluation Team. Table 4
shows the changing baseline for 100W lamps as well as the fixtures that were replaced with ECM2. .

January 2015
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Table 4. Changing Baseline for 100W Lamps

Measure | Year | Tech Market Works Watts/
Life Baseline W/ Lamp Fixture
Year 1 2013 84.6 676.8
Year 2 2014 83.2 665.6
Year 3 2015 80.4 643.2
Year 4 2016 77.6 620.8
Year 5 2017 74.8 598.4
Year 6 2018 72 576
Year 7 2019 72 576
Year 8 2020 72 576
Year9 2021 72 576
Year 10 2022 72 576
Year 11 2023 72 576
Year 12 2024 72 576
Average 75.4 603.1

3. Because magnetic ballasts are currently being phased out of the market place, we

adjusted the base fixture wattage to account for this changing base line for ECM1.
The Duke Energy FES papers assume a 12 year measure life for linear fluorescent
fixtures. We assumed that the baseline for the four years of the useful life would be
a similar T12 fixture with a magnetic ballast. For the last eight years of the useful life
we assume the baseline would be a similar T12 fixture with an electronic ballast.
The two fixtures and wattages used to determine the adjusted baseline are included
in Error! Reference source not found. above. We used the following equation to
determine the adjusted baseline.

Adjusted W 4 ( 144W ) 8 ( 120W )

=—\4+———
fixture 12 \fixture 12 \fixture

January
2015

8
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Table 5 below details the application annual savings over the measure life.

Table 5. Annual Measure Life Savings

. Lighting Only With HVAC interactions
Measure Life - -
kWh savings | NCP kW CP kW | kWh savings | NCP kW | CP kW
Year 1 25,426 9.7 9.7 25,321 11.1 11.1
Year 2 25,043 9.5 9.5 24,939 10.9 10.9
Year 3 24,276 9.2 9.2 24,177 10.6 10.6
Year 4 23,509 8.9 8.9 23,414 10.2 10.2
Year 5 20,783 7.9 7.9 20,692 9.1 9.1
Year 6 20,017 7.6 7.6 19,929 8.8 8.8
Year 7 20,017 7.6 7.6 19,929 8.8 8.8
Year 8 20,017 7.6 7.6 19,929 8.8 8.8
Year 9 20,017 7.6 7.6 19,929 8.8 8.8
Year 10 20,017 7.6 7.6 19,929 8.8 8.8
Year 11 20,017 7.6 7.6 19,929 8.8 8.8
Year 12 20,017 7.6 7.6 19,929 8.8 8.8
Total 259,153 98.4 98.4 258,045 113.6 113.6
Y'Z'aer?; ‘/ir\fet;fge 21,596 8.2 8.2 21,504 9.5 9.5

January
2015

9
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Application ID 12-441
Aeration System Upgrade
M&V Report

Prepared for
Duke Energy Carolinas

January 2015, Version 1.1
(revised August 19, 2016)

Note: This project has been randomly selected from the list of applications
for which incentive agreements have been authorized under Duke Energy’s
Smart $aver® Custom Incentive Program.

The M&V activities described here are undertaken by an independent third-
party evaluator of the Smart $aver® Custom Incentive Program.

Findings and conclusions of these activities shall have absolutely no impact
on the agreed upon incentive between Duke Energy and [redacted].

Submitted by:

Doug Dougherty
NORESCO, Inc.

Stuart Waterbury
NORESCO, Inc.
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On August 19, 2016 the Duke Energy projected savings recorded in this report were corrected by
Cadmus to reflect the expected values found in Duke Energy program tracking database. The last
paragraph was revised to reflect the fact that the realized energy savings were close to those
expected, and the realized demand savings were close to those proposed.

Original application ID for the project verified here was 12-441; however the savings under 12-
441 were rolled over to 12-442 along with four other projects implemented at the waste
treatment plan. Only claimed savings under application 1D 12-443 (formerly attributed to
application ID 12-441) were verified as part of this M&V effort and reflected in the expected
savings discussed here.

Introduction

This report addresses M&V activities for the [redacted] Aeration System Smart Saver Custom
program application. The measure includes:

ECM-1 —Aeration System Modification

e Replace the existing coarse bubble diffused air system with a fine bubble diffused
aeration system. Installing fine bubble diffusers significantly reduces air requirements,
thus reducing the energy required for blower operation as well.

e The aeration system has four multistage centrifugal blowers. The original blowers were
modified to handle the [new, increased] pressure requirements of the fine bubble
diffused aeration system. This required adding an additional stage and changing the
shaft and impellers in each blower.

e The original 300-HP blower motors remain.

e The process load on the Waste Treatment plant is continuous (24/7) and independent of
Outdoor Air Temperature (OAT). According to information provided with the
application documents, a review of data for the years 2004 — 2008 showed no seasonal
differences in WWTP loads that would affect the energy usage of the aeration system.

e Inthe actual pre-retrofit operation, two blowers were needed to meet the average air
delivery requirement, resulting in an estimated total power requirement of 493 kW. At
peak loads, four blowers were required, for a total power requirement of 986 kW.

e In the post-retrofit operation, accounting for both the reduced airflow and higher
pressure requirements, one blower alone was expected to be able to meet the average
air delivery requirement, with a power requirement of 137 kW. At peak loads, two
blowers were expected to be required, with a total power requirement of 303 kW.

Note: The ECM has already been implemented. Only post- retrofit measurements were
taken.
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2015 1

Docket NOPEEOABEXXK-I2

2zl 40 69 8bed - 3-g/-810¢ # 194000 - OSdOS - WV G1:01 Z U2I1eN 8102 - 3114 ATTVOINOY L0313



Rider 10 Exhibit 5F
Page 70 of 392

Goals and Objectives

The projected savings goals identified in the application are:

Application Application Duke Expected | Duke Expected | Duke Expected
Proposed Proposed Peak savings (kWh) | Coincident Peak | Non-coincident
Annual savings Savings (kW) savings (kW) Peak savings
(kWh) (kw)
3,118,560 683 2,885,315 329 329

The objective of this M&V project is to verify the actual:
e Annual gross electric energy (kWh) savings
e Summer peak demand (kW) savings
e Utility coincident peak demand (kW) savings

e Energy, demand and coincident demand Realization Rates.

Project Contacts

NORESCO Contact Doug Dougherty | ddougherty@noresco.com 0: 303-459-7416
Duke Energy M&V Frankie Diersing | Frankie.Diersing@duke- 0: 513-287-4096
Coordinator energy.com c: 513-673-0573
Customer Contact redacted

Site Locations/ECM’s

Address
redacted

2zl 40 0L ebed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2I/eN 8102 - 3114 ATTVOINOYLO3 13

Data Products and Project Output

e Average pre/post load shapes for included equipment
e Summer peak demand savings

e Coincident peak demand savings

e Annual energy savings

M&YV Option

IPMVP Option A

January
2015 2
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M&YV Implementation Schedule

e Post-retrofit data was collected for a thorough evaluation.
e The monitoring period included both normal workday and weekend periods and one
holiday (Labor Day).

Field Survey Points
Survey data (for all equipment logged)

e Obtained the sequence of operations for the four aeration blowers in both the pre- and
post-installation cases.
e Obtained the blowers’ make/model/serial number and other nameplate data.

e Obtained the blower motors’ make/model/serial number and other nameplate data.
e Obtained utility bill (kWh and kW) information from July 2010 through July 2014.

One-time measurements for all equipment logged (to check and validate Elite Pro data)

e Motor volts, amps, kW and power factor.

Data Accuracy

Measurement Sensor Accuracy Notes
Recorded load must
Current Magnelab CT 1% be < 130% and >10%
of CT rating
Power Elite-Pro +1%

Field Data Logging

e ECM-1 - Installed Elite Pro data loggers to log the following data points at 5-minute
intervals. Collected data for a minimum of 3 weeks.

For the aeration blower motors (qty of 4), configured the Elite Pro loggers to record the
following information:

e Voltage

e Average Current (amps)
e Power factor

e Average Power (kW).

January
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Logger Table

The following table summarizes all logging equipment needed to accurately measure the above
noted ECM’s:

Equipment Elite-Pro’s Magnelab CT’s
Aeration Blower Motors 4 (8) 500 A
Totals 4 8

Note: CT sizes are based on 300-HP motors.

Data Analysis

ECM-1

Converted time series data on logged equipment into post-retrofit average load shapes
by day type.

Generated pre-retrofit model from pre-retrofit performance information and post
retrofit consumption field data.

Developed pre- and post-retrofit estimates of weekly average demand (kW) and total
weekly energy (kWh) consumption.

Developed pre- and post-retrofit estimates of coincident and non-coincident peak
demand (kW).

Estimated peak demand savings by subtracting post-retrofit peak from pre-retrofit
estimate. Calculated coincident peak savings by subtracting peak demand values at 3-4
PM local time on weekdays.

Extrapolated calculated total weekly energy (kWh) consumption to annual consumption.
Estimated annual energy savings by subtracting post-retrofit consumption from pre-
retrofit estimate.

Verification and Quality Control

1. Visually inspected time series data for gaps

2. Compared readings to nameplate and spot-watt values; all data was within range.
January
2015 4
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Recording and Data Exchange Format

1. Elite Pro logger and weather station binary files
2. Excel spreadsheets

Attachments

1. Blower and motor nameplate data collection form
2. Spot watt data collection form

Results

Utility data was collected from the site and is graphed below. The data reflects more power
than just the aeration blowers that are the subject of this report, but it is clear that the facility
has reduced its electrical demand and energy consumption substantially over the past three
years.

Monthly Demand (kW) History
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Figure 1: Utility Billing History — Demand.
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Figure 2: Utility Billing History — Energy (KWh).

The operating power of each of the four blowers was monitored with data loggers for over
three weeks. The normal schedule (post-retrofit) for cycling the blowers is that only two
blowers are operational at any given time with one of them as lead and the other as lag
(backup). Every two weeks, the lag blower becomes the lead blower and a blower that was off
becomes the lag blower. Given that schedule, three weeks of monitoring would not have been
long enough to observe all four blowers in operation, so the facility contact agreed to rotate the
blowers more often than usual during the monitoring period.
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The following charts show the logged power values of the four blowers, and the total power.
According to the data, the number of blowers running was generally one or two, was rarely
none, and never three or four. This matches what the facility anticipated for the post-retrofit
operation of the fine bubble diffused aeration system. In the pre-retrofit situation, two blowers
were required to handle average process loads and four blowers were required for peak loads.
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Logged Power of Blower Motors
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Figure 3: Logged Power of Individual Blower Motors, Post-Retrofit.
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Total Blower Power

- Post-Retrofit (Measured)
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Figure 4: Total Blower Motor Power, Post-Retrofit.

There is a definite pattern of increased blower usage in the middle of the week. The maximum
observed power during the monitoring period was 329.7 kW. The maximum coincident peak
power observed during the monitoring period was 312.4 kW. For 2014, the coincident peak
hour for North Carolina is on July 17th from 3-4 p.m. Since this date and time was not captured
in the monitored data, the coincident peak demand was estimated as the maximum demand
observed in the 3-4 PM hour on any weekday of the monitoring period.

The following two charts show the total energy consumption per day during the monitoring
period, and a weekly profile of average power requirements. The average energy consumption
per day ranges from 3050 kWh/day on Sundays to 6540 kWh/day on Wednesdays, with an
average of 4516 kWh/day or 31,615 kWh/week. Extrapolating to an average value gives an
annual energy consumption of about 1,648,500 kWh per year.
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Figure 5: Daily Total Energy Consumption.
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Figure 6: Average Weekly Power Profile, Post-Retrofit.

As previously mentioned, the pre-retrofit situation required two blowers to operate on
average, and four blowers for peak loads. For all four blowers running, the application
documents estimate the pre-retrofit peak power to be 986 kW; for two blowers running, the
average pre-retrofit power is half that number, or 493 kW. Since there was no opportunity to
evaluate the blower energy usage independently prior to the retrofit, we used these values as
the basis for determining energy savings.
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Correlating the pre-retrofit peak power to the peak power observed during the monitoring
effort, and the average pre-retrofit power to the average observed, enables us to estimate
what the pre-retrofit history would have been for the loads observed in this study. A graph of
that estimated history is shown below, followed by a corresponding weekly profile. Using the
average pre-retrofit power value, the average energy consumption is 82,824 kWh/week, or
about 4,318,700 kWh per year.
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Figure 7: Total Blower Motor Power including Estimated Pre-Retrofit System.
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Average Weekly Profile - Total Power
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Figure 8: Average Weekly Power Profile including Estimated Pre-Retrofit System.

Summarizing the above findings and comparing the M&V energy and demand savings to the
Duke projected values gives the following results:

Table 1: M&V Savings Summary and Realization Rates

2zl 40 08 8bed - 3-g/-810¢ # 194000 - OSdOS - WV G1:01 Z U2I1eN 8102 - 3114 ATTVOINOYLO3 13

Annual Annual Non-
Annual Energy Coincident Coincident
(kwh) Peak Demand | Peak Demand
(kW) (kW)
Pre-Retrofit Baseline 4,318,680 986.0 986.0
Post-Retrofit M&V Results 1,648,482 312.4 329.7
M&YV Savings 2,670,198 673.6 656.3
Duke Projected Savings 2,885,315.24 329.4 329.22
Realization Rates 93% 204% 199%
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2015 12

Docket NOPEEOABEXXK-4



Rider 10 Exhibit 5F
Page 81 of 392

The realized energy savings were close to those expected, and the realized demand savings were
close to those proposed in the program participation application (but more than the savings
expected by Duke Energy).
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Application ID 13-1458788
Compressed Air
M&YV Report

August 5, 2016

Duke Energy Carolina
139 East Fourth Street
Cincinnati, OH 45201

The Cadmus Group, Inc.

An Employee-Owned Company + www.cadmusgroup.com
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Prepared by:

Dave Korn
Christie Amero

Cadmus
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CADMUS

Table of Contents

Ta1ageTe [V AT ] o HUUT T PP P ST U RO PPTTOTRRI 1

ECM-1—Load Shifting from Less-Efficient Compressors to More Efficient Compressors ..................... 1
LCToF 1 I 1o ] o T =T ot Y= T PP SPR 2
o Co )= Tot  ©o] 0} - [ o1 £~ TPPPPPPPPPPRY 3
SITE LOCATION . ...eeiiii ittt e ra s 3
LYY @ o] d o] o TSR 3
T aTo]1=Ta 0 T=Ta N - 14T o USSP 3
FIEIA INOTES ..ttt sttt et e bt e bt e s be e s ar e st e e bt e ne e me e sreesmeesaneeneenneesaeenane e 3
= (o D - TP P PP PS PSRRI 3
DL I Yool U] - [0 PPNt 8
D I AN g T | V] LT 8
CONCIUSTON ...ttt ettt b e s bt s he e sat e e at e e be e bt e sbeesae e sabeeab e e bt e bt e sbeesaeesabeebeenbeesaeesanenas 10

i

Docket NOPEEOABEXXK4A

2zl Jo 8 ebed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2I1eN 8102 - 3114 ATTVOINOYLO3 13



ELECTRONICALLY FILED - 2018 March 2 10:15 AM - SCPSC - Docket # 2018-72-E - Page 85 of 122

Rider 10 Exhibit 5F
Page 85 of 392

Docket NOPEEOABEXXK48



Rider 10 Exhibit 5F
Page 86 of 392

CADMUS

Introduction

This report addresses M&YV activities for one retrofit energy conservation measure (ECM) conducted as
part of the [redacted] Smart Saver custom incentive program application; specifically, this addressed the
replacement of controls for three air compressors at one location in [redacted], NC.

Cadmus based the following facility and equipment descriptions on the original project documentation.

Facility Description: This plant manufactures plywood products and operates five shifts per day.
Descriptions follow of the site’s compressed air equipment:

e One Sullair, 25-200L, single-stage, 200-hp, 1,000 ACFM* with inlet modulation with
blowdown control

e  One Sullair, 25-200H, single-stage, 200-hp, 900 ACFM* with inlet modulation with
blowdown control

e One Sullair, LS255-250L, single-stage, 250-hp, 1,218 ACFM* with variable displacement control

*ACFM is the rated actual volumetric flow rate in cubic feet per minute, in the pipework after the
compressor.

ECM-1—Load Shifting from Less-Efficient Compressors to More Efficient

Compressors

Pre-Retrofit: In the pre-retrofit case, the two inlet modulation compressors (i.e., Compressor 1 and
Compressor 3) and the variable displacement compressor (Compressor 2) equally shared the
compressed air load.

Installed: In the installed case, the load shifted primarily to the 250-hp variable displacement
compressor, with the 200-hp compressors turning on as needed. Variable displacement controls were
also added to the existing 200-hp compressors. This configuration was expected to save energy by
reducing part load and unloaded operation on all three compressors. Table 1 (below) summarizes this
load shift.

The measure included a pressure flow controller, which allowed plant pressure to reduce plant air
pressure by 10 psi to 95 psi, further increasing efficiency.

Variable displacement compressors operate more efficiently than inlet modulation compressors, but not
quite as efficiently as variable speed compressors. Variable displacement compressors rely on multiple
control systems (i.e., variable capacity valve, inlet valve, pressure switch) that function simultaneously. A
variable speed compressor adjusts the operating speed of the compressor to match demand.
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2zl Jo 98 abed - 3-g/-810¢ # 194000 - OSdOS - WV G1:01 Z U2I1eN 8102 - 3114 ATTVOINOYLO3 13



Rider 10 Exhibit 5F

Page 87 of 392

Table 1. Comparison of Pre- and Post-Installation Load Division
Pre-Retrofit

| PreRetrofit | Installed |
""" | shife1 | shiftz | Shifts | shifta | Shifes | shift1 | shit2 | Shifts | Shifea | shifts

Comp-1 31% 36% 45% 50% 59% 0% 0% 0% 0% 0%
Comp-3 31% 36% 45% 50% 59% 0% 0% 13% 27% 58%
Comp-2 31% 36% 45% 50% 59% 74% 87% 100% 100% 100%

Table 2 shows expected annual operating hours per shift and compares the total compressed air flow
demand per shift in the pre- and post-installation cases.

Table 2. Annual Operating Hours and Total Required Flow Rate per Shift

Shift # Pre Required Post Required Pre Required Post Required
Flow, CFM Flow, CFM Flow, million CF Flow, million CF

1 961 960 902 55.4 52.0
2 626 1,125 1,057 42 40
3 4,816 1,418 1,333 410 385
4 2,250 1,557 1,463 210 198
5 84 1,850 1,739 9 9
Total 8,737 - - 727 683

The shift total airflow in the post-installation case is ~100 CFM less than in the pre-retrofit case—a
reduction of about 6%.

Goals and Objectives
Table 3 shows the projected savings goals identified in the project application.

Table 3. Project Goals

Applicant Duke Energy

Claimed

Annual kWh Avg. Demand | Projected Annual | Claimed Annual L. Claimed Non-CP
i : i 5 Coincident Peak X
Savings Reduction, kW kWh Savings* kWh Savings . kW Reduction
kW Reduction

1,342,200 87 1,240,013 1,239,992 141.6 141.5

* Source: DSMore input spreadsheet.

The M&YV project sought to verify the actual numbers for the following:
e Facility peak demand reduction (kW)
e Summer utility coincident peak demand reduction (kW)

e Annual energy savings (kWh)
e Annual realization rates (kW and kWh)
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Project Contacts

The Duke Energy contact listed in Table 4 granted approval to plan and schedule the site visit for this
M&V effort.

Table 4. Project Contacts

p: 513-287-4096

Duke Ener, Frankie Diersin
gy & Frankie.diersing@duke-energy.com
. p: 303-389-2509
Cadmus Christie Amero o
christie.amero@cadmusgroup.com
Customer redacted

Site Location
The location this measure was installed is shown in Table 5.

Table 5. Project Location

ccw

redacted 1

M&YV Option
To assess this project, Cadmus utilized IPMVP Option A.

Implementation

Cadmus reached out to the site contact provided by Duke Energy, seeking to review the evaluation plan
and schedule the site visit. The site contact confirmed the equipment was served by 480 V and used
flexible regarding scheduling. On January 5, 2016, Tom Davis of Cadmus performed the site visit.

Field Notes

During the site visit, Cadmus met with the site contact to review the metering plan and to collect
general operating information. The facility operates 24/7, year-round, and the compressed air discharge
pressure is maintained at 110 psi. The contact did not note any changes in production schedules since
the new controls were installed. Currently, the site does not have trends set up on the compressed air
system.

Field Data

Cadmus collected the data shown in Table 6 for all installed equipment included in the application.
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Table 6. Installed Equipment Nameplate Data

Equipment ID m Model # Serial Number “ Control Strategy

Comp-1 Sullair LS25-200L AC 003-119610 200 @ Single-Stage
Comp-2 Sullair LS25S-250L AC N/A 250 | Variable Displacement
Comp-3 Sullair LS25S-200H AC N/A 200 @ Single-Stage

During the site visit, Cadmus photographed the compressors and associated nameplates: Figure 1 shows
Sullair Compressor #2; Figure 2 shows the electrical panel for Sullair Compressor #1; and Figure 3 shows
the nameplate for Compressor #1.

Figure 1. Sullair Compressor #2
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Figure 2. Sullair Compressor #1 Panel

Figure 3. Sullair Compressor #1 Nameplate
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Cadmus installed three-phase electric power meters in all three air compressors. These collected data
for two weeks at one-minute intervals. Table 7 summarizes the installed metering equipment.

Table 7. Summary of Installed Metering Equipment

Equipment ID RX3000 WattNode 3D-480 Current Transducers (Qty/Size)

Comp-1 1 3/400A
Comp-2 1 1 3 /1200 A
Comp-3 1 3/400A
Total 3 3 9

Figure 4, Figure 5, and Figure 6 summarize the metered demand data for compressor #1, #2, and #3,
respectively, during the metering period.

Figure 4. Sullair Compressor #1 Power Metered Data
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Figure 5. Sullair Compressor #2 Power Metered Data
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Figure 6. Sullair Compressor #3 Power Metered Data
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Table 8. Metering Equipment Accuracy

Power, kW WattNode Power Meter +1% | -
Current, amps Magnelab CT +1% Recorded load must be < 130% and > 10% of CT rating

Data Analysis

The results of the first analysis indicated much higher installed energy use than was originally expected.
After reviewing the data and discussing the results with Duke Energy, Cadmus contacted the site to
confirm whether there had been any changes in equipment operation or increases in production that
may have caused the increased compressed air demand. The site contact confirmed that there had not
been any increases in production, but that there had been an issue with the equipment during the
metering period. Much of the site’s piping is located outside and the valve on the regenerative dryer
serving the air compressors had frozen on January 14", a week into the metering period. The site was
able to bypass the dryer, but this caused the air compressors to work harder than usual to meet the
same compressed air load. The site installed a new refrigerated air dryer in February and has not
experienced any freezing issues since.

The plots of the metered data for the three compressors confirm a change in operation around
January 14™. Based on the this and the site contact’s information, Cadmus used the first week of post-
installation metered data to verify the controlled equipment’s power demand and operating hours.
Table 9 summarizes average daily operating demand and percent operating for each compressor from
the power metered data collection.

Table 9. Summary of Power Metered Data

S Compressor #1 Compressor #2 Compressor #3
eekda

Monday 48% 120.0 100% 187.7 64% 121.4
Tuesday 100% 142.1 100% 189.7 10% 14
Wednesday 100% 143.7 100% 190.6 10% 1.4
Thursday 65% 133.3 100% 187.3 48% 1221
Friday 10% 14 100% 190.6 97% 132.7
Saturday 12% 13.7 100% 190.7 66% 106.6
Sunday 15% 23.4 100% 189.5 65% 105.7
Average 50% 82.51 100% 189.45 51% 84.46

As expected, Compressor #2 operated as the lead compressor, running during a majority of the metering
period; Compressor #1 and #3 have reduced operating hours.
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The evaluated installed case annual energy use was 2,394,523 kWh. The coincident peak demand was
287.9 kW, and the average annual demand was 273.3 kW.

As trend data were unavailable from the site, and the project involved an airflow demand reduction,
Cadmus used the pre-retrofit average daily shift airflow demand provided in the original documentation
(shown in Table 2). Average daily airflow demand was 1,387 CFM, and the load evenly divided over the
three compressors in the pre-retrofit case (462 CFM each). The part-load curves shown below were used
to estimate the average compressor demand.

Figure 7 shows the part-load curve for a variable displacement compressor (Compressor 2). Figure 8
shows the part-load curve for a single-stage compressor (Compressor 1 and 3).

Figure 7. Variable Displacement Compressor Part-Load Curve (% kW vs. % Capacity)
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Figure 8. Single Stage Compressor Part-Load Curve (% kW vs. % Capacity)

120.0

22l 40 6 9bed - 3-g/-8102 # 194000 - OSdOS - WV G1:01 Z U2I/eN 8102 - 3114 ATTVOINOYLO3 13

100.0
]
S o
5 80.0 ——a
-] < /-/
=3
= 60.0
=
5 40.0
o
B L
R 20.0
0.0
0 20 40 60 80 100 120
Percent Capacity
—&— Inlet modulation - no blowdown — —m= Inlet modulation with blowdown commss‘;";"x,’,'“g‘,faﬁgﬂie‘g
9

Docket NOPEEOABEXXK-F



Rider 10 Exhibit 5F

Page 95 of 392

Cadmus assumed pre-retrofit operating hours equaled the installed case. Table 10 summarizes the pre-

retrofit calculations.

Table 10. Summary of Pre-Retrofit Energy Use Calculations

Compressor #1 Compressor #2 Compressor #3
Parameter : . . :
(Single-Stage) (Variable Displacement) (Single-Stage)
200 250 200

Nameplate hp

Rated ACFM 1,000 1,218 900
Avg. % Capacity 46% 38% 51%
Avg. % kW (from curves) 84% 60% 88%
Full Load Demand, kW 157.0 196.3 157.0
Avg. Operating Demand, kW 131.9 117.8 138.2
Total Avg. Weekly Demand, kW 387.9

Evaluated pre-retrofit annual energy use was 3,388,869 kWh; coincident peak demand was 386.9 kW,
and average annual demand was 386.9 kW.

Total evaluated energy savings were 994,346 kWh. The evaluated total summer coincident peak
demand reduction (July, Monday—Friday, 4:00-5:00 p.m.) was 99.0 kW, and the average, or non-
coincident, peak demand reduction was 113.5 kW.

Conclusion

Cadmus found the compressor control system installed as expected. The overall energy savings
realization rate was 80%, compared to the Duke Energy claimed savings. The summer peak demand
realization rate was calculated as 70%. The average (or non-coincident) peak demand reduction
realization rate was 81%.

The main impact on the reduced evaluated energy savings and demand reduction was that the average
weekly metered demand for the installed compressed air controls was 10% higher than that expected in
the original study.

Table 11 compares the applicant, Duke Energy claimed, and evaluation energy savings and demand
reduction. Table 12 provides realization rates compared to the energy savings and demand reductions
claimed by Duke Energy.
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Table 11. Comparison of Applicant, Duke Energy Claimed, and
Evaluation Energy Savings and Demand Reduction

Annual Annual Coincident Annual Coincident Non-CP
Avg. kW Non-CP kW

kWh . kWh Peak kW . kWh Peak kw kw
X Reduction X . Reduction . . X
Savings Savings Reduction Savings Reduction Reduction

1,342,200 87 1,239,992 141.6 1415 994,346 99.0 113.5

Table 12. Energy Savings and Demand Reduction Realization Rates

Annual kWh Savings Coincident Peak kW Reduction Non-CP kW Reduction

80% 70% 80%
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Introduction

This report outlines Cadmus’ measurement and verification (M&V) activities for one retrofit energy
conservation measure (ECM) included as part of the [redacted], Smart Saver custom incentive program
application—specifically for optimizing the site’s chilled water plants. Energy savings were expected to
result from improved chiller performance and reduced pump and fan demand. A description of the
measure as submitted in the original application documentation is provided below.

ECM-1: Chilled Water Plant Optimization

The approximately 1,000,000 square-foot [redacted] provides urgent care, general medicine, trauma,
and rehabilitation services, operating 24 hours per day, year-round. The annual electric energy use is
approximately 39,500,000 kWh, based on 2012 and 2013 utility data; [redacted]’s design day chilled
water load is 4,800 tons.

Pre-Retrofit: [Redacted] was previously served by two chiller plants, referred to as CEP-1 and CEP-2.
CEP-1 used standard, constant-speed equipment while CEP-2 used new, high-performance, variable-
speed equipment. A summary of the pre-retrofit chilled water plant equipment follows.

Chilled Water Plant 1 (CEP-1)
e Four constant-speed chillers
e Four constant-speed condenser water pumps
e Four constant-speed primary water pumps
e Four variable-speed cooling towers

e Four variable-speed secondary water pumps

Chilled Water Plant 2 (CEP-2)
e Two variable-speed chillers
e Two constant-speed condenser water pumps
e Two constant-speed primary water pumps
e Two variable-speed cooling towers

e Two variable-speed secondary water pumps

In the original analysis, the pre-retrofit average annual total plant performance (including chillers,
pumps, cooling towers, and other equipment) was assumed to be 0.68 kW/ton.

Installed: For this project, [redacted] installed additional, high-performance, variable-speed equipment
and a Hartman Loop chiller plant optimization control system for CEP-2, and it decommissioned CEP-1. A
summary of the upgraded chilled water plant equipment (CEP-2) follows.
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Upgraded Chilled Water Plant (CEP-2)
e Five variable-speed chillers (two existing 1,200-ton units; three new 1,300-ton units)

e Five 75-hp variable-speed condenser water pumps (installed drives on two existing pumps and
added three new pumps with drives)

e Five 40-hp variable-speed primary water pumps (installed drives on two existing pumps and
added three new pumps with drives)

e Five variable-speed cooling towers, each with two 30-hp fan motors (two existing, added three
new with drives)

e Four 250-hp variable-speed secondary water pumps (two existing, added two new with drives)

The new variable-speed equipment and the Hartman Loop control system allow the facility to optimize
the plant operating parameters (chilled water supply temperature, chiller variable frequency drive (VFD)
speed and flow rate, pump and fan speeds) in real-time, based on outside air conditions and loads. The
installed average annual plant performance was expected to be 0.49 kW/ton.

Energy savings in the original application were calculated using an 8,760 hour model, with typical
meteorological year (TMY) data for [redacted], North Carolina. Monthly load profiles, determined using
actual data from April and May, were used to create a regression for the 8,760 hour model (shown in
Figure 1). The calculated annual load (14,466,596 ton-hours) was assumed equal for the pre-retrofit and
installed cases. Based on the plant’s performance improvement, annual energy savings were estimated
as 2,618,060 kWh in the original analysis, or 7% of the total facility energy use.
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Figure 1. Load Profile: Regression Analysis
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Goals and Objectives

Table 1 shows the projected savings goals identified in the project application.

Table 1. Project Goals
Application Duke Energy

| Application | DukeEnegyy
Annual kWh Average kW Prolected Annual | Claimed Annual | Claimed Coincident | Claimed Non-CP
3,050,292 2,618,060 2,618,060 416.96 511.51
* Source: DSMore input spreadsheet.

Cadmus’ objective for this M&V project was to verify the following actual data:
e Facility peak demand reduction (kW)
o Summer utility coincident peak demand reduction (kW)
e Annual energy savings (kWh)

e Annual realization ratios (kW and kWh)
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Project Contacts

Table 2 lists the Duke Energy contact who granted Cadmus approval to plan and schedule the site visit

for this M&V effort, along with the Cadmus contact and the customer contact.

Table 2. Project Contacts

Monica Redman, Senior DSM & .
Duke Energy . monica.redman@duke-energy.com
Retail Programs Analyst

office: 303-389-2509

Cadmus Christie Amero, Senior Analyst L
christie.amero@cadmusgroup.com

Customer redacted

Site Location

The site location is listed in Table 3.

Table 3. Site Location

ccw

redacted 1

M&YV Option
To assess this site, Cadmus followed IPMVP Option A.

Implementation

Cadmus reached out to the site contact provided by Duke Energy, seeking to review the evaluation plan
and schedule the site visit. During the initial discussion, Cadmus was informed that the energy
management system for the updated chilled water plant records data for the power and energy use of
all controlled equipment, so additional on-site power metering was not necessary. Cadmus held a
conference call with the site contact and controls representative two weeks before the site visit to select
the number of trend points to collect from the system, and sent a list of points to the controls
representative ahead of the site visit. Christie Amero of Cadmus performed the site visit on June 23,
2016, to physically verify the installed equipment and collect the trend data.

Field Survey

During the site visit, Cadmus met with the facility manager and controls representative to review the
general sequence of operation and collect trend data for the chilled water plant. Since the site is a
[redacted], the chilled water plant runs year round, but the lead equipment is rotated throughout the
year to maintain equal runtime. According to the site contact, [redacted] has added approximately
200,000 square feet of [redacted] offices and [redacted] rooms since the project was completed and the
cooling load has increased.
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Prior to the retrofit, the controls sequence would base load the constant speed system (CEP-1) during
the summer months when the cooling load was highest and operate the variable speed system (CEP-2)
as a trim system. During the winter months when the cooling load was reduced, CEP-2 was used as the
primary system and operated up to capacity before energizing CEP-1.

The post-retrofit chilled water system uses Armstrong’s OPTI-VISOR™ controls software to optimize
setpoints; the number of chillers, cooling towers, pumps, and fans operating; and VFD speed on a real-
time basis. For example, the controls reset the chilled water supply temperature based on outside air
temperature (where a lower outside air temperature leads to a higher chilled water supply
temperature). The primary chilled water pump drive speed is varied based on the required chilled water
flow rate and the number of chillers operating. The secondary chilled water pump speeds are controlled
based on differential pressure. The controls typically operate more cooling towers and condenser water
pumps than chillers to provide more surface area for heat transfer. The equipment and controls were
fully commissioned by a third-party commissioning agent.

Overall, the site contact is very pleased with the outcome of the project and has noticed a significant
decrease in the electric utility bill, even with the additional cooling load.

Field Data

ECM-1: Chilled Water Plant Optimization

Cadmus collected the data shown in Table 4 for all installed equipment included in the application.

Table 4. Installed Equipment Nameplate Data

CH-1 York YKQRQQK1-DAGS 1,200 tons Yes
CH-2 York YKQRQQK1-DAGS SLWM-729650 1,200 tons Yes
Chillers CH-3 Trane CVHF 1300 L14C01582 1,300 tons Yes
CH-4 Trane CVHF 1300 L14C01575 1,300 tons Yes
CH-5 Trane CVHF 1300 L14C01576 1,300 tons Yes
CT-1 Evapco N/A N/A (2) @ 30-hp  Yes
Cooli CT-2 Evapco N/A N/A (2) @ 30-hp  Yes
oolin
Towe & CT-3 Evapco USS 212-436 10-382799 (2) @ 30-hp  Yes
wers
CT-4 Evapco USS 212-436 N/A (2) @ 30-hp  Yes
CT-5 Evapco USS 212-436 N/A (2) @ 30-hp  Yes
Bell & Gossett = 10X12X12M C112400-02
PCHWP-1 40-hp Yes
Primary Marathon JVI364TTFS6086BT WAA063639
Chilled Bell & Gossett = 10X12X12M C112400-01
PCHWP-2 40-hp Yes
Water Marathon JVH364TTFS6086BT = WAA063173
Pumps Bell & Gossett = 10X12X12M QFF363-01
PCHWP-3 40-hp Yes
(Pump and Marathon NVB364TTFCA6086 75331688-1
Motor) Bell & Gossett = 10X12X12M QFF362-02
PCHWP-4 40-hp Yes
Marathon NVB364TTFCA6086 @ 75331688-1
5
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Bell & Gossett

10X12X12M

PCHWP-5 40-hp Yes
Marathon NVB364TTFCA6086 @ 75332446-1
Bell & Gossett = 10X12X14 OFD256-01
SCHWP-1 JVJA49THFS14037A 250-hp Yes
Marathon WAA063829
Secondary A
Chilled Bell & Gossett = 10X12X14 QFD256-02
Water SCHWP-2 JVK449THFS14037A 250-hp Yes
Marathon WAA063864
Pumps A
(Pump and Bell & Gossett = 10X12X14 QFF393-02
SCHWP-3 250-hp Yes
Motor) Marathon NVD449TSHFS16032 @ WAAQ091026
Bell & Gossett = 10X12X14 QFF393-01
SCHWP-4 250-hp Yes
Marathon NVD449TSHFS16032 WAA091027
Bell & Gossett = 10X12X14 C112399-01
CWP-1 75-hp Yes
Marathon JVJA05TTFS6086AT WAA063612
Bell & Gossett = 10X12X14 C112399-02
CWP-2 75-hp Yes
Marathon JVJA05TTFS6086AT WAA063611
Condenser
Bell & Gossett = 10X12X14 QFF363-02
Water CWP-3 75-hp Yes
PUMDS Marathon NVD405TTFS6086AT = 70029385-01
u
P Bell & Gossett = 10X12X14 QFF363-03
CWP-4 75-hp Yes
Marathon NVD405TTFS6086AT = 70029385-02
Bell & Gossett = 10X12X14 QFF363-01
CWP-5 75-hp Yes
Marathon NVD405TTFS6086AT = 70029385-03

During the site visit, Cadmus also photographed the chilled water plant equipment and nameplates:
Figure 2 shows the nameplate for a pre-retrofit York chiller on the left and for a new installed Trane
chiller on the right, and Figure 3 shows a controls panel for one of the new installed Trane chillers.

Docket NOPEEOABEX XK

2zl 40 G0l obed - 3-g/-810¢ #19X090Q - OSdOS - WV GL:01 Z Y21\ 8102 - 3114 ATTVOINOHLO3 13



Rider 10 Exhibit 5F

m
Page 106 of 392 M
@)
_|
CADMUS :
®)
<
o
Figure 2. Pre-Retrofit (left) and Installed (right) Chiller Nameplates ':E
: - - =
; <
Ll
—
m
V—J‘gé : 399552’6”\”}»0 O
~URR 2~ 1
cUR 1413226 ;MM??’; - .
£ 70?:&;\%“‘“ 3
816 T oo o
REFRIG DWP, PSIG o
{ 10UID DWP, PSIG s 2%% W_;TTS =
NUMBER OF PASSES 4000 Y %
sHELL TEST PRESS  PSIG [[234 ] 113, i 3
TUBE DESCRIPTION | 271 - ) s =,
: ; = et N
CONDENSER GAS INLET - RS s =
v S 3 - .
REFRIGERANT[ET3A ] CHARGE, LBS 567 -
G
CHARGED  FACTORY FIELD auLy CHRESE op g-123 >
CHARGE WITH Y -
Tesenons TH YORK REFRIGERANT OIL J1T 1900 LBS: - =
OMPRES e ; .
MODEL [YDHK-76VDD ] GEaAR [ FB o aErn:G:RANTGWORKILO PFOE 15 PSIC .
SERIAL N 7 u1 SIDE 1
0 SL“ .\"729650 FACTORY TEST E:Egsgﬁs o SIDE 45.9216 o %
HI SIDE 4°. ESSURE .
FIELD LEAK "“Tigm AT PSIG s g
|
THE FOLLOWING k)
\ANUFACTURED UNDER ONE OR MORE 02250102 pomring i :
U.S. PATENTS: 6049299 6085532 N 5
6666042 5355691 5434738 6679076 691785 e S
5600960 5675976 5848538 6065297 6098422 62 9
6563287 6647736 6564564 6705100 7158121 7088348 >
7020156 7202858 8011196 o}
B~ S
N
o
—_—
%
\'
. N
uto Stop
I m
1
-
Q
Q
()
—_—
o
(@]
=X
—_—
N
N

Figure 4 shows some of the VFDs controlling cooling tower fans, and Figure 5 shows the nameplate for
one of the new installed cooling towers and the row of towers on the roof of the hospital.
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Figure 4. Cooling Tower Fan Variable Frequency Drives
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Figure 6 shows two of the drives controlling primary chilled water pumps, and Figure 7 shows the motor
and pump nameplates for one of the installed primary chilled water pumps.
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Figure 6. Primary Chilled Water Pump Variable Frequency Drives

Figure 7. Primary Chilled Water Pump — Motor Nameplate (left) and Pump Nameplate (right)
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Figure 8 shows two of the drives controlling secondary chilled water pumps, and Figure 9 shows the
motor and pump nameplate for one of the secondary chilled water pumps.

2zl 40 80| obed - 3-g/-810¢ # 192900 - OSdOS - WV G1:01 Z Y21\ 8102 - 3114 ATTVOINOYLO3 13

Docket NOPEZOABEXXK-E



Rider 10 Exhibit 5F
Page 109 of 392

CADMUS

Figure 8. Secondary Chilled Water Pump Variable Frequency Drives

Figure 9. Secondary Chilled Water Pump — Motor Nameplate (left) and Pump Nameplate (right)
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Figure 10 shows one of the drives controlling a condenser water pump, and Figure 11 shows the motor
and pump nameplate for one of the condenser water pumps.

2zl 40 601 9bed - 3-g/-810¢ #19X00Q - OSdOS - WV G1:01 Z Y21\ 8102 - 3114 ATTVOINOHLO3 13

10
Docket NOPEEOABEXXK -2



Rider 10 Exhibit 5F
Page 110 of 392

CADMUS

Figure 10. Condenser Water Pump Variable Frequency Drive

Figure 11. Condenser Water Pump — Motor Nameplate (left) and Pump Nameplate (right)
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Cadmus also collected one year of site-trended power demand data for all equipment submitted in the
application, along with three months (April through June 2016) of flow rates, supply and return
temperatures, and outside air conditions. Pump and fan demand was measured by the ABB VFDs for the
motors and chiller demand was measured by the internal controls. Table 5 summarizes the trend points
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Table 5. Trend Points Collected from Site

Flow rate (GPM) 5 minutes 3 months
Chillers CHW supply temperature, °F 5 minutes 3 months
(CH-1, 2, 3,4, &5) CHW return temperature, °F 5 minutes 3 months

Input kW 5 minutes 1vyear
Condenser Water Pumps .

Input kW 5 minutes 1vyear
(CWP-1, 2,3,4,&5)
Chilled Water Pumps .

Input kW 5 minutes 1vyear
(CHWP-1, 2, 3,4, &5)

. Entering water temperature, °F 5 minutes 3 months

Cooling Towers . .

Leaving water temperature, °F 5 minutes 3 months
(CT-1, 2, & 3) - -

Fan input kW 5 minute 1year
Outside Air Conditions Dry bulb/wet bulb, °F 1 minute 1vyear

Data Analysis

ECM-1: Chilled Water Plant Optimization

Cadmus used the trend data for the installed equipment to verify the chilled water plant equipment
demand and operating hours. Table 6 summarizes the average monthly outside air dry bulb temperature
and individual chiller demand from the trend data collection. The installed average monthly chiller
demand was used in the 8,760 hour model.

Table 6. Summary of Installed Average Monthly Chiller Demand and Outside Air Temperature

Outside Air Dry Average Chiller Demand, kW
O T T O O 2 B R B B

January 32.6 125 95.4 69.0 161.6 344.8
February 41.0 8.6 2.5 140.3 54.2 65.3 270.8
March 52.5 2.1 2.1 30.2 79.3 282.9 396.6
April 58.4 47.9 37.8 148.1 239.8 290.0 763.5
May 66.2 16.3 258.1 237.3 257.1 141.4 910.2
June 74.5 164.8 308.0 266.7 275.2 218.1 1,232.7
July 77.8 358.1 2.0 332.6 240.1 267.5 1,200.3
August 76.6 293.1 68.2 284.5 244.3 3314 1,221.5
September 68.2 61.5 277.8 206.6 204.2 270.9 1,021.0
October 55.6 2.0 206.9 173.4 129.1 134.2 645.7
November 51.5 32.9 140.9 82.4 102.5 154.0 512.7
December 39.6 58.7 119.1 56.3 107.6 196.2 537.9

Cadmus created an 8,760 hour model with TMY data for [redacted], North Carolina. We plotted the
trended chilled water plant load against actual outside air wet bulb temperature (see Figure 12), then
used the exponential trend fit from this plot to extrapolate the chilled water load to the 8,760 hour

12
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model. The total evaluated chilled water annual load was 14,308,149 ton-hours, or approximately 99%
of that expected in the original application analysis. For this analysis, we assumed the load was equal in
the pre-retrofit and installed cases.

Figure 12. Trended Chilled Water Plant Load vs. Outside Air Wet Bulb Temperature
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Cadmus created similar curves for chilled water plant load and total primary and secondary chilled water
pump demand, total condenser water pump demand, and total cooling tower fan demand. We used
these curves to extrapolate the equipment component demand to the 8,760 hour model. The evaluated
installed case annual energy use was 8,846,907 kWh. The coincident peak demand was 1,721.6 kW, and
the average annual demand was 1,009.9 kW.

Cadmus used the site contact’s description of the pre-retrofit system sequence of operation to
determine when CEP-1 or CEP-2 would have operated. Cadmus assumed that CEP-1 would have been
the primary system from March 1 to November 1. Based on this assumption, CEP-1 operated

5,880 hours per year and CEP-2 operated 2,880 hours per year. We based the full load and part load
performance for the standard efficiency, constant-speed CEP-1 chillers on the International Energy
Conservation Code 2009 baseline performance for water-cooled chillers, de-rating by 10% for age. The
primary chilled water pumps and condenser water pumps in both CEP-1 and CEP-2 were constant speed.
The secondary chilled water pumps and cooling tower fans were controlled by VFDs in both CEP-1 and
CEP-2. Cadmus assumed that one pump and one cooling tower were dedicated to one chiller in each
plant (CEP-1 and CEP-2) in the pre-retrofit case.

The evaluated pre-retrofit annual energy use was 11,291,063 kWh; coincident peak demand was
2,135.8 kW; and average annual demand was 1,288.9 kW.

13
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Total evaluated energy savings were 2,444,156 kWh (22% savings). The evaluated total summer
coincident peak demand reduction (for the month of July, Monday through Friday from 4:00 p.m. to
5:00 p.m.) was 414.3 kW, and the average, or non-coincident, peak demand reduction was 279.0 kW.
Figure 13 compares the evaluated total system demand for the pre-retrofit and installed cases.

Figure 13. Comparison of Evaluated Pre-Retrofit and Installed Case Total System Demand
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Conclusion

While on the site, Cadmus found the equipment and controls installed as expected. The overall energy
savings realization rate was 93%, compared to the Duke Energy claimed savings. The summer peak
demand realization rate was calculated as 99%. The average (or non-coincident) peak demand reduction
realization rate was 55%.

The greatest impact on the evaluated energy savings and demand reduction was that the installed
cooling tower fans use 166% more energy than the pre-retrofit cooling tower fans based on the trend
data collected. The installed case operates more cooling towers than chillers to provide more surface
area for heat transfer, which reduces the cooling load on the chillers. The overall average installed plant
performance is 25% higher than expected in the original study, mainly due to the additional fan
demand.
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Table 7 shows a comparison of the applicant, Duke Energy claimed, and Cadmus evaluated energy

savings and demand reduction. Table 8 provides realization rates comparing the energy savings and
demand reductions claimed by Duke Energy to those calculated by Cadmus.

Table 7. Comparison of Applicant, Duke Energy Claimed, and
Evaluation Energy Savings and Demand Reduction

Annual Average Annual Coincident e D Annual Coincident Non-CP
on-
kWh kW kWh Peak kW . kWh Peak kW kW
Reduction

Savings Reduction Savings Reduction Savings Reduction Reduction
3,050,292 N/A 2,618,060 416.96 511.51 2,444,156 414.3 279.0

Table 8. Energy Savings and Demand Reduction Realization Rates

Annual kWh Savings Coincident Peak kW Reduction Non-CP kW Reduction

93% 99% 55%

15
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Application ID 13-1532263
Lighting Retrofit
M&V Report

Prepared for
Duke Energy Carolinas

January 2015, Version 1.0
(Revised August 22, 2016)

Note: This project has been randomly selected from the list of applications
for which incentive agreements have been authorized under Duke Energy’s
Smart $aver® Custom Incentive Program.

The M&V activities described here are undertaken by an independent third-
party evaluator of the Smart $aver® Custom Incentive Program.

Findings and conclusions of these activities shall have absolutely no impact
on the agreed upon incentive between Duke Energy and [redacted].

Submitted by:

Katie Gustafson
NORESCO, Inc.

Stuart Waterbury
NORESCO, Inc.
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On August 22, 2016 the Duke Energy projected savings in this report were corrected by Cadmus
to correspond to Duke Energy expected savings as found in the Duke Energy program tracking
database.

Introduction

This document addresses the M&YV activities for the lighting retrofit at [redacted]’s [redacted],
North Carolina location. This lighting retrofit was rebated through Duke Energy’s Smart Saver
Custom Lighting Incentive program.

e ECM-1 - Retrofitted (246) 1000 W Metal Halide fixtures with 575 W Pulse Start Metal Halide

fixtures.

e ECM-2 — Retrofitted (369) 400 W Metal Halide fixtures with 250 W Pulse Start Metal Halide
fixtures.

e ECM-3 — Retrofitted (26) 250 W Metal Halide Fixtures with 150 W Pulse Start Metal Halide
fixtures.

e ECM-4 - Retrofitted (60) 400 W Metal Halide Fixtures with 5L TSHO fixtures.

Goals and Objectives

Post-retrofit surveys of the lighting usage were conducted to determine the power reduction
from the lighting upgrade.

The projected savings goals are:

Facility Proposed Proposed kW Duke Expected Duke Expected
Annual kWh Savings Annual kWh kW savings
savings savings
redacted 1,696,067 194 1,625,074 185
Total 1,696,067 194 1,625,074 185

The objective of this M&V project will be to verify the actual:

e Annual gross kWh savings
e Summer peak kW savings
e Coincidence Peak kW savings

e kWh & kW Realization Rates

Project Contacts
Duke Energy M&V Coordinator

Frankie Diersing p: 513-287-4096

January
2015 1
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NORESCO Engineer

Katie Gustafson

p: 303-459-7430
kgustafson@noresco.com

Customer Contact

redacted

Site Locations/ECM’s

Address

ECMs Implemented

redacted

1-4

Data Products and Project Output

e Post retrofit survey of lighting fixtures.
e Average post-retrofit lighting fixture load shapes.

e Equivalent Full Load Hours (HOURS) by day type (weekday/weekend).
e Summer peak demand savings.
e Summer utility coincident peak demand savings.

e Annual Energy Savings.

M&YV Option

IPMVP Option A

Field Data Points

Post-Installation

Survey data
e Fixture count and Wattage.

e Verified that all fixture specifications and quantities were consistent with the

application.

e Determined how the lighting is controlled and recorded controller settings.
e Verified that all pre (existing) fixtures were removed.

e Determined what holidays the building observes over the year.

e Determined if the lighting zones are disabled during the holidays.

January
2015

Docket NOPEEOABEXXK AR

2zl Jo 1| ebed - 3-g/-810¢ #19X90Q - OSdOS - WV G1:01 Z Y21\ 8102 - 3114 ATTVOINOHLO3 13



Rider 10 Exhibit 5F
Page 118 of 392

Data Accuracy

Measurement | Sensor Accuracy
Current CTV-A 20A 14.5%

Field Data Logging

The following table summarizes the quantities and locations of lighting loggers that were
deployed to meter the retrofitted fixtures.

ECM Hobo (U12) CTV-A 20A
1 4 13
2 2 8
3 1 2
4 1 4
Total 8 27

Data Analysis

e Used the standard calculation template for estimating pre and post demand and energy
consumption that incorporates the methodology described below.

e From survey data calculated the actual pre and post fixture kW.

e Weighted the time-series data according to connected load per control point.
Methodology included in analysis worksheet.

e From time-series data determined the actual schedule of post operation.

Niogged
LF() = Y. e8%(Currentcontrolpoint; * ScaleFactor;)

N
Y. e8I kWControlPoint;

NcontrolPoints
KWrighting () = LF(t) * Z kWControlPoint;
i=1
Where
LF(t) = Lighting Load factor at time =t
kWControlPoint; = connected load of control point i
CurrentControlPoint; = logged current at control point i from time series
data
ScaleFactori= Convert logged current to kW
NLogged = population of logged control points
NControlPoints = population of all control points

January
2015 3

Docket NOPEOABEXXK

2zl Jo 81| dbed - 3-g/-810¢ # 19X00Q - OSdOS - WV G1:01 Z Y21 8102 - 3114 ATTVOINOHLO3 13



Rider 10 Exhibit 5F
Page 119 of 392

Created separate schedules for weekdays and weekends using LF(t).

Tabulated average operating hours by daytype (e.g. weekday and weekend).
Extrapolated annual operating hours from the recorded hours of use by daytype.
Generated the post load shape by plotting surveyed fixture kW against the actual
schedule of post operation for each daytype.

Calculated pre annual operating hours using the post-retrofit schedules by daytype and
extrapolating to the full year.

Calculated energy savings and compare to project application:

kthavings = (NFixtures * kWFixture * HourS)PRE - (NFixtures * kWFixture * HourS)Post

NCP kWsavings = (Nrixtures * KWrixture) prE — (NFixtures * KWrixture) post

CP kWsapings = NCP kWsqpings x CF

where:

NFrixtures = number of fixtures installed or replaced
kWrixture = connected load per fixture

HOURS = equivalent full load hours per fixture
NCP kWsavings = hon-coincident peak savings

CP kWsavings = coincident peak savings

CF = coincidence factor

where:

WHFe
WHFd

The savings with HVAC interactions are calculated from:

kthavings with HVAC = kthavings x (1 + WHFe)
kWsavings with HVAC = kWsavings X (1 + WHFd)

= waste heat factor for energy
= waste heat factor for demand

Verification and Quality Control

1. Visually inspected lighting logger data for consistent operation. Sorted by day type and
removed invalid data.
2. Verified the post retrofit lighting fixture specifications and quantities were consistent
with the application.
3. Verified that pre-retrofit lighting fixtures were removed from the project. Inspected
storeroom for replacement lamps or fixtures.
January
2015 4
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Recording and Data Exchange Format

1. Hobo logger binary files
2. Excel spreadsheets

Results Summary

The following tables summarize the total estimated savings for the [redacted] lighting retrofit.

Table 1. Energy Savings and Realization Rates.

Realized Savings Realization Rate
Duke Savings Lighting Lighting Lighting Lighting
Only and HVAC Only and HVAC
Energy (kWh) 1,625,074 1,762,545 2,056,890 108% 127%
Peak Demand (kW) 185 209 248 113% 134%
CP Demand (kW) 185 205 243 111% 131%

The energy and demand savings calculation summary is shown in Error! Reference source not
found.. Demand savings details are shown in Error! Reference source not found. at the end of
this report.

Table 2. Summary of Energy and Demand Savings Calculations.

With HVAC interactions

Lighting Onl WHFe= 0.167
Base | EEww | HOURS | CF 'gNTing nly
kW WHFd= 0.188
kWh savings | NCPkW | CP kW | kWh savings | NCP kW | CP kW
469.8 261.2 8450 0.996 1,762,545 208.6 204.7 2,056,890 247.8 243.1

e Used 0.167 for the energy and 0.188 for the demand waste heat interaction factors.
These were based on a DOE2 model for a refrigerated warehouse cooled with an
ammonia chiller.

e Pre wattages are based on Appendix B.

Figure 1 shows the average daily load shape. When extrapolated to the year, the M&V annual
operating hours are 8450, which are four percent less than the 8760 hours, stated in the application.
There were a few periods where some lighting was off, which resulted in the lower than the full
8760 operating hours.

January
2015 5
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Table 3. Demand Savings Detail.
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e SPC Apdx B — Appendix B 2013-14 Table of Standard Fixture Wattages. See http://www.aesc-
inc.com/download/spc/2013SPCDocs/PGE/App%20B%20Standard%20Fixture%20Watts.pdf

EE Technology Base Technology
ECM EE Fixture w/ Cut Sheet | Connected Base Connected
Quantity Type Fixture Source W/Fixture KW Quantity Fixture W/ Fixture Source KW
Type

575 W Spot .

246 PSMH 563 Measurement 640 138.6 246 1000 W MH 1080 Appendix B 265.68
250 W Spot .

369 PSMH 283 Measurement 284 104.6 369 400 W MH 458 Appendix B 169.002
150 W Spot .

26 PSMH 176 Measurement 187 4.6 26 250 W MH 295 Appendix B 7.67

60 50 TSHO 225 | oPot 287 13.5 60 400 WMH 458 Appendix B |  27.48

Measurement
Notes:

January 2015
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